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manunals. for example, cancers, such as solid tumors and 
blood-bom tumors; heart disease, such as congestive heart 
failure; osteoporosis; and genetic, inflammatoiy. allergic; 
and autoimmune diseases. 
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ISOINDOLE-IMIDE COMPO UNDS. COMPQSmONS. AND USES THEREOF 

This application is a continuation-in-part of United States AppKcation No. 
09/972,487 filed October 5, 2001, which claims the benefit of U.S. Provisional AppUcation 
No. 60/258.372, filed December 27, 2000, and which applications are hereby expressly 
incorporated by reference herein. 



1. Field of The Invention 

The invention encompasses novel compounds including compounds having an 
10 isoindole-imide moiety, phannaceutically acceptable salts, hydrates, solvates, clathrates, 
enantiomers, diastereomeis, racemates, or mixtures of stereoisomers thereof, 
pharmaceutical compositions of these compounds, and methods of using these compounds 
and compositions in mammals for treatment or prevention of diseases. 

2. Introdnction 

The present invention relates to isoindole-imide compounds and phannaceutically 
acceptable salts, hydrates, solvate, clathrate. enantiomer, diastereomer, racemate. or mixture 
of stereoisomers thereof phannaceutical compositions comprising these isoindole-imide 
compounds; and methods for reducing the level of cytokines and their precursors in 

20 mammals. In particular, the invention includes isoindole-imide compounds that have one or 
inore of the following activities: modulation of the production of TNF-a; modulation of the 
production of II^ip; stimulation of flie production of 11.10; or stimulation of the production 
T-cells. 

Ihe isoindole-imides described herein are usefiU fi,r treating or preventing diseases 
25 or disorders in mammals, for example, cancers, such as solid tumors and blood-bom 
tumors. Specific examples of cancers treatable or preventable by compounds of the 
invention include, but are not limited to, cancers of the skin, such as melanoma; lymph 
node; breast; cervix;, uterus; gastrointestinal tract; lung; ovaiy; prostate; colon; rectum; 
mouth; brain; head and neck; throat; testes; kidney; pancreas; bone; spleen; Uver. bladden 
30 larymc; nasal passages; and AIDS-related cancers. The compounds are particularly useful' 
for treating cancers of the blood and bone marrow, such as multiple myeloma and acute and 
chronic leukemias. for example, lymphoblastic, myelogenous, lymphocytic, and myelocytic 
leukemias. 
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The compounds of the invention are also useful to treat or prevent heart disease 
such as congestive heart failure, cardiomyopathy, puhnonary edema, endotoxin-medial^ 
septic shock, acute vital myocarditis, cardiac aUograft rejection, and myocardial infirction. 

The compounds of the invention can also be used to treat or prevent viral genetic 
mflammatory, aUergic, and autoimmune diseases. For example, the compounds are use&l 
to treat or prevent diseases including, but not limited to. HIV; hepatitis; adult req,iiatoiy 
distress syndrome; bone-resorption diseases; chronic puhnonary inflammatory diseases- 
dermatitis; cystic fibrosis; septic shock; sepsis; endotoxic shock; hemodynamic shock- 
sepsis syndrome; post ischemic reperftsion injury; meningitis; psoriasis; fibrotic dise^- 
10 cachexia; graft refection including graft versus host disease; auto-immune disease- 

rheumatoid spondylitis; arthritic conditions, such as rheumatoid arthritis and osteoarthritis- 
osteoporosis; Crohn's disease; dcerBtive6oKtis;inflammatoty^^^^ ' 
sclerosrs; systemic hq,us eiythrematosus; ENL in leprosy; radiation damage; asthma; and 
hyperoxic alveolar injury. 

15 ■r^^*^'°P°«°dsofthemventionareaIsouseMfortreatingorpreventingbac^^^^ 
mfections or the symptoms of bacterial infections including, but not limited to. malaria, 
mycobacterial infection, and opportunistic infections resulting from HIV. 

„ 3. Paglfl^round of The favAnHn^ 

Tumornecrosis fector alpha. ONF-a) is a cytokine Aat is released primarily by 
mono-nuclearphagocytesinresponsetoimmunostimulators. TNF^ is capable of 
enhancing most cellular processes, such as differentiation, recmitinent. proliferation, and 
proteolytic degradation. At low levels. TNF-a confers protection against infective agents 
tumors.andtissuedamage.ButTNF^alsohasroleinmanydiseaseprocesses. When ' 

25 ^dn^mstered to mammals or humans. TNF-a causes or aggravates inflammation, fever 
cardiovascular efF«.ts. hemorrhage, coagulation, and acute phase responses similar to iLe 
seen dmmg acute infections and shock states. Enhanced or unregulated TOFhx production 
has been miplicated.in a number of diseases and medical conditions, for example, cancers, 
such as solid tumors and blood-bom tumors; heart disease, such as congestive heart feilure- 

30 and viral, genetic, inflammatory, allergic, and autoimmmie diseases. 

The interleukins are a subclass of the cytokine family and possess a wide spectrum 
of biological activities including involvement in cell activation, cell differentiation, cell 
P«ohferation. and cell-to^ell interactions. Ihterleukin 1 beta (IL-ip) and interleukin 10 OL. 
10).'^<«nibinationwithothercytokines,playacentralroleinmediatinginfla^ 
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processes and IL-1 p has been impUcated as both a growth fector and growfli suppressor in 
certain tumor cells. 

T-cells are a class of white blood cells that play an important role in the inunune 
response, and help protect the body fiom viral and bacterial infections. Diminished T^U 
5 levels strongly contribute to the inabiUty of HIV patients to combat infections, and 
abnonnally low T-cell levels are prominent in a number of other immune deficiency 
syndromes, including DiGeorge Syndrome, and in certain forms of cancer, such as T-cell 
lymphoma. 

Cancer is a particularly devastating disease, and increase in blood TNF-a levels are 
10 implicated in the risk of and the spreading of cancer. NormaUy. in healthy subjects, cancer 
ceUs fell to survive in the circulatory system, one of the reasons being that the lining of 
blood vessels acts as a barrier to tUmor-ceU extravasation. But increased levels of 
cytokines, have been shown to substantially increase the adhesion of cancer cells to 
endothehmn in vitro. One explanation is that cytokines, such as TNF-a stimulate the 
15 biosynthesis and expression of a ceU suifece receptors called ELAM-l (endothelial 

leukocyte adhesion molecule). ELAM-l is amember of a fimiily of caldnm-dependent ceU 
adhesion receptors, known as LEC^AMs, which includes LECAM-1 and GMP-140. 
During an inflammatory response. ELAM-l on endothelial cells functions as a "homing 
receptor" for leukocytes. Recently, ELAM- 1 on endotheUal cells was shown to mediate the 
20 increased adhesion of colon cancer ceUs to endothelium treated with cytokines (Rice et al. 
1989. Science 246:1303-1306). It has been suggested that an uncontroUed synthesis of II.ip 
in leukemia blast cells is thought to result in the production of factors which promote 
proUferation of these mahgnant ceUs (Hestdal et al, 1992. Blood m 2486-94). Ih addition 
to this. IL-1 p, in combination with other cytokines, appears to stimulate the growtii of 
25 human gastric and thyroid carcinoma cells (Ito et. al, 1993. Cancer Research S: 4102-6). 
Inflammatory diseases such as arthritis, related arthritic conditions {e.g. 
osteoarthritis and rheumatoid arthritis), inflammatory bowel disease, sepsis, psoriasis, and 
chronic inflammatory puhnonaiy diseases are also prevalent and problematic aibnents. Bofli 
TNF-o and in p play central roles in die inflammatory response and the admniistration of 
30 their antagonists block chronic and acute responses in animal models of inflammatory 
disease. Conversely. E^IO is an anti-inflammatory cytokine and is responsible for down- 
regulating inflammatory responses and as such possesses anti-inflammatory ability, 
inchiding the suppression of production of proinflammatory cytokines such as TNF-a and 

n^ip 
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Heart disease has caused wide-spread death and debilitatioiL TNFhx has been 
implicated in a broad variety of cardiac pathophysiological conditions, such as septic shock, 
acute viral myocarditis, cardiac allograft rejection, myocardial infarction, and congestive 
heart failure {see e.g. , Steadman et al. , 1 988, IEEE Trans. Biomed. Eng. 35:264-272; Tracey 
5 et al, 1986, Science Wash. DC 234:470-474; for a review see Ferrari, 1998, Cardiovascular 
Research 22:554-559). In one study, it was found that protective TNF-a binding proteins 
are downregulated m the hearts of patients with advanced congestive heart failure. During 
flie study it was found that a large percentage of the diseased hearts analyzed had elevated 
TNF-a levels. The authors noted that tiie results support the proposition that the heart itself 
10 is a target of TNF-a and tiiat myocardial TNF-a production may be a maladaptive 
mechanism fliat contributes to progressive heart Mure (Torre-Amione et al, 1996, 
Circulation £3:704-71 1). tn oflier studies, it has been demonstrated in-vitro and in-vivo 
(feline) that TNF-a is produced in Ae myocardium portion of flie heart vpon endotoxin 
stimulation. These studies provide convening evidence indicating that a pathogenic level 
15 of biologically active TNF-a may be produced in the heart during endotoxin-mediated septic 
shock. And that such local concentrations of TNF-a may be die primary instigator of 
myocardial-fimction depression during systemic sepsis (BCapadia et oL, 1995, J. Clin. Invest. 
9g:1042-1052). Thus, inhibitors of TNF-a activity may prevent its deleterious effects on the 
heart. For example, it has been demonstrated that soluble TNF-binding protems modulate 
20 the negative inotropic effects of TNF-a in vitro in isolated contracting cardiac myocytes 
(K^adia etal, 1995, Am. J. Physiol 2g8:H517-H525). 

Enhanced or unregulated TNF-a production has been implicated in viral, genetic, 
inflammatory, allergic, and autoimmune diseases, for example, HIV; hepatitis; adult 
respiratory distress syndrome; bone-resorption diseases; chronic pulmonary inflammatory 
25 diseases; dermatitis; cystic fibrosis; septic shock; sepsis; endotoxic shock; hemodynamic 
shock; sepsis syndrome; post ischemic reperfosion injury; meningitis; psoriasis; fibrotic 
disease; cachexia; graft rejection; auto-immune disease; rheumatoid spondyfitis; arthritic 
conditions, such as rheumatoid arthritis and osteoarthritis; osteoporosis, Crohn's disease 
ulcerative colitis; inflammatory-bowel disease; multiple sclerosis; systemic lupus 
30 erythrematosus; ENL in leprosy; radiation damage; asthma; and hyperoxic alveolar injury. 
For discussions see Tracey et al., 1987, Nature 230:662-664 and Hinshaw et al, 1990, Circ. 
Shock 30:279-292 (endotoxic shock); Dezube et al, 1990, Lancet, 335:662 (cachexia ); 
Millar et al, 1989, Lancet 2:712-714 and Fenai-BaUviera et al., 1989, Arch. Surg. 
124:1400-1405 (adult respiratory distress syndrome); Bertolini et al, 1986, Nature 
35 112:516-518, Johnson et fl/.,1989, ^iwfocniiotog); 124: 1424- 1427, Holler et al.. 1990, Blood 
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75:1011-1016, and Grau et al, 1989, K Engl J, Med. 320:1586-1591 (bone resorption 
diseases); Pignet et al, 1990, Nature, 344:245-247, Bissonnette et al, 1989, Inflammation 
13:329-339 and Baughman et aU 1990, J. Lab, Clin. Med. 115:36"42 (chronic pulmonary 
inflammatory diseases); Elliot et al, 1995, Inl 1 Pharmac. 17:14M45 (rhemnatoid 

5 arthritis); von Dullemen et at, 1995, Gastroenterology, 109: 129-135 (Crohn's disease); Duh 
et al, 1989, Proc. Nat. Acad. Set 86:5974-5978, Poll et al, 1990, Proc. Nat. Acad. Sou 
87:782-785, Monto et aL, 1990, Blood 79:2610, Clouse et al., 1989, J. Immunol. 142, 
431-438, Poll et al, 1992, AIDS Res. Hum. Retrovirus, 191-197, PoU et al 1990, Proc. 
Natl Acad. Set £7:782-784, Folks et al, 1989, PNAS 86:2365-2368 (HIV and opportunistic 

10 infections resulting from mV). 

Pharmaceutical compounds that can block the activity or inhibit the production of 
certain cytokines, including TNF-a and IL-ip, may be benefice Many small- 

molecule mhibitors have demonstrated an ability to treat or prevent inflammatory diseases 
implicated by TNF-a (for a review see Lowe, 1998 Exp. Opin. Ther. Patents 8:1309-1332). 

1 5 In addition, pharmaceutical compounds that can stimulate the activity or increase the 
production of certain cytokines, including IL-10, and immune response fectors such as T- 
cells, may be beneficial then^eutics. 

Thalidomide is an emerging itnmunotherapeutic agent and, in addition to utility in 
treating a variety of inflammatoiy disorders, it is projected to be useful m treating cancers 

20 {see e.g., Marriott et al., 1999, Immunology Today 2fi:537-540). TliaUdomide has been 
shown to inhibit production of both TNF-a and IL-lp while simultaneously increasing the 
production of DL-10 and T-cells, and has been tested against a variety of autoimmune and 
inflammatory diseases, see e.g., Gutierrez-Rodriguez, 1984, Arth. and Rheum 27:1 118; The 
Physician 's Desk Reference, 54th edition, 91 1-916, Medical Economics Company (2000). 

25 Thalidomide's teratogenic properties, however, have limited its use and driven efforts to 
discover analogs or derivatives with reduced toxicity and improved fh^apeutic activity. 
The design of thalidomide analogs and derivatives attempts to maintain/enhance activity 
while subverting toxicity (for a discussion of some recent advances in TNF-a inhibitors 
structurally related to thalidomide see Mairiott, 1997, Exp. Opin. Invest. Drugs 6:1 105- 

30 1 108). For example, flie following references have disclosed alternatives to thalidomide as 
inhibitors of TNF-a production: U.S. Patent Nos. 5,385,901; 5,635,517; and 5,798,368 and 
PCT Intemational AppUcation WO 98/54170. Despite these disclosures, there remains a 
need for non-toxic and high-potency compounds that treat or prevent cancer, inflammatory 
disorders, and autoimmune diseases. 
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Citatioa or identification of any reference in Section 3 of tbis application is not an 
admission that such reference is avaUable as prior art to the present invention. 

4. Summary of the Invention 

5 The invention aicompasses novel isomdole-imide compounds and compositions 

thereof that are useful to treat or prevent diseases in mammals, including humans. The 
invention further encompasses the use of these compounds for treating or preventing 
diseases or disorders including, but not limited to, cancer; viral, genetic, inflammatoiy, 
aUergic, and autoimmune diseases; and bacterial infections. The compounds of Ihe 

10 invention are particularly useful to treat or prevent diseases caused or aggravated by 
excessive or unregulated levels of TNF-a, or n^lp; or diminished or unregulated levels of 
n>10orT-ceHs. 

In one embodiment, Ihe mvention relates to compounds encompassed by Formula I ; 



15 




O 

X i{2\ / 



20 

vfheKin: 

25 oneofXand YisC=OandtheotherisCH2orOO; 

R' is H. (C.-C8)alkyl, (Cj-C7)cycloalkyI. (Cj-Cg)alkenyl, (Gj-C8)alkynyl, benzyl, aryl. 
(Co-C4)alkyHC,-Cfi)heterocycloalkyI, (qo-C4)alkyHC2-<:s)heteroaryI, C(0)R^ C(S)R\ 
C(0)OR^ (C,-C8)alkyI-N(R%, (C,-C^alkyl-OR^ (C,-C0alkyl-C(O)OR*, C(0)NHR', 
30 C(S)NHR^C(0)NR^R^C(S)NR^R'•or(C,-<:3)alkyl-0(CO)R*; 

R* is H, Fi benzyl. (C,-C8)alkyi, (C,-C8)alkenyl. or (C2-C8)alkynyl; 

R* and are indq)endentty (C,-Cg)alkyl, (C3-C7)cycloalkyl. (Cj-Cg)alkenyl. 
35 (C2-Cg)a]kynyl, benzjd. aryl, (Co-C4)alkyl-(C,-C6)h6terocycloalkyl, 
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(Co-C4)aIkyl-(Cj-Cs)heteroaiyl, (Co-C8)aIlcyl-N(R<)j, (C,-C8)alkyl-0R*, 
(C,-Cg)alkyI-C(0)OR*, (C,-C^aIkyl-0(CO)R^ or C(0)OR*; 

R* is (C,-C8)alkyl, (C2-C8)alkenyl, (C2-C8)alkynyl, (C,-C4)alkyl-0R^ benzyl, aryl, 
5 (Co-C4)alkyl-(C,-Cs)heterocycloalkyl, or (Co-C4)alkyl-(C,-C5)heteroaiyl; 

R* is (C,-C8)alkyl, (Cj-C^alkenyl, (Cj-C^alkynyl, benzyl, atyi, or (Cj-Cyheteroaryl; 

each occurrence of R« is independently H, (C,-C8)alkyl, (C,-C8)alkenyl, (C2-CB)aikynyl, 
10 benzyl, aryl, (C2-C5)heteroaTyl, or (Co-Cg)alkjd-C(0)0-R* or the R« groups can join to 
form a heterocycloalkyl group; 

nisOorl; and 

15 * represents, in fiinnula I and in the foUowing formulas of the invention, a chiral-carbon 

center, with the proviso that when n is 0 then R' is not H. 

Ih a separate embodiment, the compounds of the invention include compounds of 

formula I, wherein when n is 0 then R' is (C3-<^)cyGloalkyl. (C2-C8)alkenyl, 

(Cj-Cg)alkynyl, benzyl, aiyl, (Ctf-CJaDcyHC.-CsJheterocycloalkyl, 
20 (CcrC4)aIkyHC2-Cj)heteroaiyl, C(0)R', C(OX)R\ (C,-C0alkyl-N(R«)2, 

(C,-Cg)aIkyl-OR^ (C,-<yalkyl-C(0)OR*, C(S)NHR', or (C,-Cg)alkyI-0(CO)R*; 

R^isHor(C,-C8)alkyl;and 

25 R3 is (C,-C8)alkyl, (Cj-Ocycloalkyl, (C^-C^aDcenyl, (C,-Cg)alkynyl, benzyl, aiyl, 
(Co-<:4)alkyHC,-C«)heterocycloalkyl,(Cfl-C4)aIkyHC2-<:5)heteroa^ 
(C5-^8)aIkyl-N(R'^j; (Co-Cj)alkyl-NH-C(0)0-R'; (C,-Cg)alkyl-OR'. 

(C,-<:8)aIkyl-<:(0)pR^ (C,-C,)aIkyl-<)(CO)R^ or C(0)OR^ and the o^^ 
described above. 

30 In another embodiment of the compounds of foimula I, R^ is H or (C,-C4)alkyl. 

M still another embodiment of the compounds of fomiula I, R' is (C,-Cg)alkyl or 

boizyl. 

In yet another embodiment of the compounds of formula I, R' is H, (Cj-Cyalkyl, 
benzyl. CHjOCHj, CHjCHzOCHj, or 

35 
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In another embodiment of the compounds of formula I, is 



10 K/^' 



wherein Q is O or S, and each occurrence of is independentiy H,(C,-Cg)alkyl. 
(C3rA)cycloalkyl, (<VC,)alkenyI, (Cj-C8)alkynyl, benzyl, aryl, halogen, 
15 (C-C4)alkyHC,-C4)heterocycloaIkyl, (Co-C4)alkyl-(Q-C5)heteroaryl, 

(Q,-Cyalkyl-N(R% (C,-Cy a]ky^OR^ (C,-C^alkyl-C(0)OR^ (C,-C3)alkyl-0(C0)R^ or 
C(O)0R^ or adjacent occuitences of R'can be taken- together to form a bicycUc alkyi or aryl 
ring. 

In stiU another embodiment of the compounds of formula I, R' is C(OJR' or 
20 C(0)OR*. 

In ano&er embodiment of the compounds of formula I, R* is 

(Cj-C4)alkyl-<C2-Ci)heteroaiyl. (C-CJalkyl, aiyl, or (CVC4)alkyI-0R'. 

In yet another embodiment of the compounds of formula I. heteioaiyl is pyiidyl. 
fuiyl, or thienyi. 

25 ^another embodiment offlie compounds offormula I, the H of C(0)NHC(O) can 

be replaced with (C,-C4)alkyl, aryl, or benzjl 

in another embodiment, the invention encompasess compounds of Formula II: 

,0 

30 fl ^ \ */ \ 
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n 

R' is H, (C,-C8)alkyl, (Cj-^^Ocycloalkyl, (C2-C8)alkenyl, (Cj-C,)alkynyl, benzyl, aiyl, 
5 (Co-C4)alkyl-(C,-<:«)heterocycIoalkyI, (Co-C4)alkyl-(C,-Cs)heteroaryJ, C(0)R\ C(S)R\ 
C(OX)R\ (C,-Cg)alkyl-N(R% (C,-C8)a]kyl-0R'. (C,-Cg)a]kyl-C(0)OR^ C(0)NHR», 
C(S)NHR^ C(0)NR^R^ C(S)NR^R3or (C,-Cg)alkyW)(CO)R*; 

RMsHor(C,-Cg)alkyl; 

10 

R^ and R^' are independentty (C,-C,)a]kyl, (C3-C7)cycloalkyl, (C2-q8)alkenyl, 
(C2-C8)alkynyl, benzyl, aiyl, (Co-C4)alkyl-(C,-Cs)heterocycloalkyI, 
(Co-<:4)a]kyl-<C2-C3)heteroaiyl, (Co-C8)alkyl-N(R%. (C,-Cj)alkyl-OR* 
(C,-C«)a]kyl-C(0)OR^ (C,-C8)alkyl-0(C0)R^ or C(0)OR'; 

15 

R* is (C,-Cg)alkyl, (Cj-Cj)alkenyl, (Q-Cg)alkynyl. (C,-C4)alkyl-OR^ benzyl, aryl. 
(QrC4)alkyi-(C,-C«)heterocycloa]kyl, or (Co-C4)alkyl-<C2-C5)lieteroaiyl; 

R' is (C,-Cg)alkyl, (Cj-Cg)alkenyl, (CrC8)alkynyI, benzyl, aiyl, or (C2-C5)heteroaryl; 

20 

each occurrence of R« is independently H, (C,-C8)alkyl, (C2-Cg)alkenyl, (Cj-C8)alkynyl, 
benzyl, aiyi, (C2-Cj)heteroaiyl, or (CVCJalkyl-C(OX)-R' or the R« groups can join to 
form a heterocycloalkyl groiq>; and 

25 the * represents a chiial-carbon center. 

In anoflier embodiment of the conqwunds of formula II, R' is H, (Cj-CJalkyi. 
CH2OCH3, CH2CH2OCH3, or 

In yet another embodiment of the conqwunds of formula n, R' is 



35 



wo 02/059106 



PCT/USOl/50401 



wherein Q is 0 or S, and each occurrence of R' is independently H;(C,-Cg)alkyl, 
(Cj-Ocycloalkyl. (Cj-C8)alkenyl, (Cj-C,)alkynyi, benzyl, aiyl, halogen. 
(Co-<:4)alkyHC,-C6)heterocycloa]kyl,(Co-<:4)aDcyHC2-<:3)heteroaty^^ 
10 (Co-C8)alkyl-N(R\ (C,-<:3)alkyl-0R^ (C,-C,)alkyl-C(0)GR^ (C,-C,)alky^O(CO)R^ 
C(0)OR^ or adjacent occurrences of R'can be taken tpgefeer to fom ahicyclic alkyl or^l 
ring. 

In stiU another embodiment of the compounds of formula H, R' is C(0)R3 or 
C(0)ORl 

15 ^ a embodiment, the invention encompasses compounds of Formula m: 



or 



20 




ni 



wherein: 

25 



R' is H. (C.^,)alkyl, (CrC,)cycloalkyI, (C^alkenyl, (C^-Q^alkynyl, benzyl, arji. 




C(S)NHR\ C(0)NR^^ C(S)NR^R^or (C,-C8)alkyl-0(CO)R»; 
30 

R^isHor(C,-Cg)a]kyi; 

R^ and R^' are independently is (C,-C^a]kyl, (C3-C,)cycloaIkyl. (Q-C^alkenyl. 
(C2-C8)aIIcynyl. benzyl, aryl, (C»-C4)alkyl-(C,-C«)heterocycloalkyi, 



WO02/«S9106 



PCT/USOl/50401 



(Co-C4)allcyl-(C2-Cs)heteroaiyl. (Co-C8)aIkyl-N(R% (C,-Cg)a]kyl-OR*, 
(C,-C^alkyI-C(0)OR^ (C,-C^alkyI-0(CO)R^ or C(OPR^ 

is (C,-Cg)alkyl, (Q-Cg)alkenyl, (C,-C,)alkynyl, (C,-C4)alkyl-0R*, benzyl, aiyl, 
5 (Co-C4)alkyl-(C,-Cs)heterocycloalkyl, or (Ctf-C4)aIkyHC2-C5)heteroaiyl; 

is (C,-C8)alkyl, (Ci-Cg)alkenyl, (Q-Cg)alkyn)4, benzyl, aiyi, or (Cj-Cs)heteroaryl; 

each occuirence of R< is independently H, (C.-COalkyI, (C2-Cg)alkenyl. (CVC^alkynyl, 
10 benzyl, aiyl. (Q-C,)heteroaiyl, or (Co-C,)alkyl-C(0)(WR' or the R« gipups can join to 
form a heterocycloalkyl group; and 

the * represents a chiral-carbon center. 

In yet another embodiment of the compounds of formula m, R' is H, (C,-C4)alkyl. 
15 CH20CH3,CHjCH20CH3.or 



20 

la another embodiment of flie compounds of fonnula m, is 
25 >^H2- 



or 



wherein Q is O or S, and each oocunence of R' is independently H,(C,-C8)alkyl, 
(C3-C7)cycloalkyl, (C2-€g)aIkenyI, (Cj-Cg)alkynyl, baizyl. aiyl, halogen. 
(Co-C4)aIkyHCj-<:fi)heterocycloalkyl,(Co-<:4)alkyl-<C2-Cs)hetCT^ 
30 (Co-C3)^I-N(R% (C,-C8)alkyl-OR*. (C,-C8)alkyl-C(0)0R^ (C,-C^aIkyi-0(CO)R'. 
C(0)OR^ or adjacent occurrences of R' can be taken together to fonn a bicyclic alkyl or aiyl 
ring.. 

In still another embodiment of the compounds of formula ffl, R' is C(0)R' or 
C(0)OR^ 

In a further embodiment still, the invention encompasses compounds of Fomiuk IV: 
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ir>- 


\ :k / 










J 








H 






IV 



wherein: 

10 

R' is H, (C,-C,)alkyl, (C,-C,)cycloaJlcyl, (C2-Cg)alkenyl, (q-C^alkynyl, benzyl, aiji 
(Co-C4)alkyKC,-Cfi)heterocycloalkyl, (Co-C4)alkyl-(C2-C5)heteroaryl, C(0)R^ C(S)R\ 
C(0)OR^ (C,-<:g)alkyl^N(R% (C,-C8)alkyl-OR^ (C,-C8)alkyl-C(0)0R^ C(0)NHR\ 
C(S)NHR\ C(0)NR^R^ C(S)NR^R^'or (C,-C,)alkyI-0(CO)R'; 

15 

RMsHor(C,-Cg)alkyl; 

and R* are independently (C,-Cg)alkyi, (C3-C7)cycloaIkyl, (C^-COalkenyl, 
(C3rCg)aIkynyl, benzyl, aryi, (Ctf-C4)alkyHC,-C«)heterocycloalkyl, 
20 (qrC4)alkyKC2-Cj)heteroaryI. (<VC8)alkyl-N(R% (C,-C8)alkyl-0R^ 
(C,-Cj)alkyi-C(0)OR', (C,-Cg)a]kyl-O(C0)R». or C(0)OR*; 

R^ is (C,-C8)a]kyl, ((VC8)alkenyl, (C^-Cyalkynyl. (C,--C>lkyl-OR^ benzjd. aiyl. 
(CVC4)alkyHC,-C4)heterocycloalkyi, or (Co-C4)alkyl-(C2-Cj)heterDaiyl; 

is (C,-Cg)alkyl. (C,-Cg)alkenyl. (C,-Cyalkyayl. benzyl, aiyi. or (Cr<:s)heteroaryl; 

each occuireace of R« is indepeadentiy H. (C,-C^aIkyU (Q-QDalkenyl, ((VCa)alkynyl, 
benzyl, aiyl, (C2-C5)heteroarjd, or (Co-Cg)a]kyl-C(0)0-R' or the R« groiips can join to 
30 form a heterocycloalkyl groiq>; and 

the * represaits a chiral-carbon center. 

In another embodiment of the compounds of formula IV, R' is H, (C,.C4)alkyl. 
CHjOCHj, CH2CH2OCH3, or 

35 
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In yet another embodiment of the compounds of fonnulalV, is 



10 " " 




wherein Q is O or S, and each occurrence of R' is independently H,(C,-Cg)alkyl, 
(C5-C7)cycloaIkyl, (Cz-COalkenyl, (Cj-Cg)alkynyl, benzyl, aryl, halogen, 
15 (Co-C4)a]kyl-(C,-Cs)heterocycloalkyl, (Co-C4)a]kyl-(C2-C5)heteroaiyl, 

(Co-Cg)alkyl-N(R«)2, (C,-Cg)alkyl-OR'. (C,-Cg)alkyl-C(0)OR^ (C,-Cg)alkyl-0(CO)R*. or 
C(0)OR*, or adjacent occurrences of R' can be taken together to form a bicyclic alkyl or aryl 
ring. 

In still another embodiment of the conq>ounds of formula IV, R' is C(0)R? or 
20 C(0)OR*. 

In yet another embodiment, flie invention encompasses conqioimds of Formula V: 

O 

^ — ^NH 











,NH 









30 wherein: 



. R> is H, (C,-Cg)a]kyl, (C3-C7)cycloalkyl. (Cj-C8)alkenyl, (C2-C8)alkynyl, benzyl, aryl, 
(CorC4)alkyl-(C,-C6)heterocycloalkyl, (Co-C4)alkyHC2--Cj)heteroaiyl, C(0)R^ C(S)R\ 
C(0)OR*. (C,-C8)alkyl-N(R*)2, (C,-C8)aIkyl-OR'. (C,-Cg)alkyl-C(0)OR'. C(0)NHR». 

35 C(S)NHR\ C(0)NR^R'; C(S)NR'R^*or (C,-C8)alkyl-0(C0)R^; 



-13- 



WO02/059106 (i^ 

PCT/US01/S0401 



and R*' are independently (C,-Cg)alkyl, (C3-C7)cycloalkyl, (C2-Cg)alkenyl, 
(C2-C8)alkynyl, benzyl, aiyl, (Co-C4)alkyl-<C,-C4)heterocycloalkyl, 
(Co-C4)alkyI-(C2-Cs)heteroaryl, (Q-COalkyl-NCR^ (C,-C8)alkyl-0R^ 
5 (C,-C8)alkyl<:(0)OR^(C,-^8)alky^-0(CO)R^orC(0)OR^ 

R' is (C,-Cg)alkyl, (C2-Cg)alkenyl, (C2-Cg)alkynyl, (C,-C4)alkyl-ORS benzyl, aiyl, 
(Co-C4)alkyl-(C,-Cs)heterocycloalkyl, or (Co-C4)alkyl-(C2-C5)heteroaryl; 

10 R» is (C,-C8)a]kyl. (C2-Cg)alkenyl. (Cj-Cg)alkynyl, benzyl, aiyl, or (Cj-Cj)heteroatyl; 

each occurrence of R^ is independendyH, (C,-C8)alkyl, (C2-C8)alkenyl. (C2-Cg)alfcynyl, 
benzyl, aryl, (Cj-Oheteroaiyl, or (Co-C8)alkyl-C(0)0-R* or the R< groups can join to 
form a heterocycloaUQl group; and 

15 

the * represents a diiral-caibon center. 

In a s^arale embodiment of compounds of formula V, R* is (C3-C7)cycloalkyl, 
(Cj-C8)alkenyl, (Cj-Cg)alkyn3d, benzyl, aryl. (Cfl-C4)alkyHC,-C«)heteiocycloaIkyl, 
(Co-C4)ancyHC2-Cj)heteroaiyl, C(0)R\ C(0)OR*. (C,-Cj)alkyl-N(R«)2, 
20 (C,-C8)alkyl-0R*, (C,-Cg)aIkyl-C(0)OR«, or (C,-Cg)alkyt-0(CO)R*; and 

R^ is (C,-Cg)aUcyl, (C3-C7)cycloaIkyl, (C2-C8)alkenyl, (<VCg)alkynyl, benzyl, aiyl, 
(Co-C4)alkyl-(C,-C5)heterocycloalkyl, (Co-C4)alkyl-(C2-Cs)hetetoaiyi, 
(Cj-Cg)alkyl-N(R«)2; (Co-Cg)aIkyl-NH-C(0)0-R''; (C,-Cg)alkyl-OR^ 
25 (C,-Cg)alkyl-C(0)OR', (C,-C8)alky^-O(C0)R^ or C(0)OR^; and the other variables have 
the definitions above. 

In another embodiment of the compounds of formula V, R' is (CfCyalkjd or benzyl, 
CHjOCHj, CH2CH2PCH3, or 



30 



In another embodiment of the compounds of formula V, R' is 

35 



i 
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5 wherein Q is O or S, and each occurrence of R' is independently H,(Cj-Cg)allcyl, 

(C3-C7)cycloalkyl, (C2-Cg)alkenyl, (C2~C8)^ll^y^> benzyl, aiyl, halogen, 
(Co--C4)alkyHC,-C6)heterocycloa%l,(Co-<;4)alkyHC2-<:;5)heteroaiyl, 
(Co-C8)alkyl-N(R«)j. (C,-C8)alky^-0R^ (C,-Cg)alkyl-C(0)OR^ (C,-C8)alkyl-O(C0)R', or 
C(0)OR^ or adjacent occurrences of R^ can be taken togettier to form a bicyclic alkyl or ai>d 

10 ring. 

la. still another embodiment of the compounds of formula y,.R' is C(0)R^or 
C(0)OR''. 

In anotibier embodiment of the conq)ounds of formiila V, is 
(<VC0alkyHCr^5)liBteroaryl, (C,-Cg)alkyl, aiyl, or (Co-C4)alkyl-OR*. 
15 M yet another embodimrat of die compounds of formula V, heteroaxyi is pycidyl, 

fui^orthiai)d. 

Jn another embodimoit, the invention furdier provides compomids of Fomuila VI: 



20 




25 VI 

whrarein: 

R' is (C,-C8)alkyl, (C3-C7)cycloa]kyl, (C2-C8)alkenyl, (C2-C8)alkynyl, benzyl, aiyl, 
(Co-C4)a]kyl-(Ci-<;j)heterocycloalkyl, (Ctf-C4)alkyl-(C2-C5)heteroaryl, C(0)R^ C(0)OR*, 
3^ (C,-C,)alkyl-N(R*)2, (C,-C8)alkyl-0R'. (C,-C8)alkyl-C(0)0RS QSymSL', or 
(C,-C8)a]kyl-0(C0)R*; 

R^ is (C,-C8)alkyl, (C3-C7)cycloalkyl, (C2-C8)alkenyi, (C2-C8)alkynyl, benzyl, aijd, 
(Co--C4)alkyHC,-<J€)heterocycloalkyl,(Co-C4)alkyl-(C2-C5)heteroaryl, 

35 
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(Co-C8)alkyl-N(R% (C,-<:3)aIkyl-0R^ (C,-C^alkyl-C(0)OR', (C,-CJalkyl-0(CO)R» o 
C(0)OR*; 

is (C,-€8)alkyl, (C^-C8)alkenyl. (C,-C8)alkynyl. (C,-<:,)alkyl-OR^ benzyl, aiyl. 
5 (Co-C4)alkyl-<C,-<:«)heterocycloalkyl, or (Co-C4)alkyl-<Cj-C,)heten)aryl; 

is (C,-C,)alkyl, (C,-C8)alkenyi. (Q-C Jalkynyl. benzyl, aiyl, or (Ci-Oheteroaryl; 

each occurrence of R'is independently H. (C,-C,)alkyl, (C,-C,)alkenyl. (Q-Oalkynyl, 
10 benzyl aryl. (C,-C,)heteroaryl. or (Q-C Jalkyl-C(0)0-R^ or the R^ groups can join to 
form ahetmcycloalkyl group; and 

tile * rq)resents a chiral-caibon center. 

In a separate embodiment of compounds of formula VI, R' is (C3-C,)cycIoalkyl 
15 (Cz-<:8)aIkenyl.(C,-CyalkynyI. benzyl. axyl,(Co-C,)alkyH^ 

(Co-C4)alkyHC2-C5)heterqaiyl, C(0)R\ C(0)OR^ (C,-C8)aJkyl-N(R%, 
(C,-Cg)alky^-OR^ (C,-€,)alky^C(0)OR^C(S)NHR^ or (C,-QaIkyl-0(CO)R^; and 

is (C,-Cg)alkyl. (C3-C,)cycloalkyl. (CrOaDcenyl, (Q-C^alkynyl, benzyl, ary; 
20 (Co-<J4)alkyHC,-<:^heterocyctoaIkyl.(C^,)alkyHCf-C^hete^ 
(C5-C8)alkyl-N(R«),; (Co-CyalkyW«t<:(0)0-R'; (C,-C^alky^OR^ 
(C,-Cs)aIkyl-C(0)OR^ (C,-<:0alkyi-O(CO)R^ or C(0)OR^ and flie other variables are 
defined as above. 

In another embodiment of thte compounds of fonnula VI, R' is (C,-C^alkyl. benzvi 
25 CH,OCH3.CH2CHjOCH3,or v y , 



o 

30 

hi another embodiment of flie compounds of formula VI, R« is 
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wherein Q is O or S, and each occurrence of R"' is independently H,(C,-Cg)alkyl, 
(C3-C7)cycIoalkyl, (C2-C8)alkenyl, (C:-Cg)alkynyl, benzyl, aryl, halogen, 
(Co-<:4)alkyl-(C,-Cj)heterocycloalkyl,(Co-C4)alkyHC2-^5)heter^ 
(Co-C8)alkyl-N(R«)2, (C.-COalkyl-OR*, (C;-C8)alkyl-C(0)0R^ (C,-<;8)alkyl-0(C0)R^ or 
5 C(0)OR^ or adjacent occurrences of R^ can be taken togetha to form a bicyclic alkyl or aryl 
ring. 

In still another anbodimeat of the compounds of formula VI, R' is C(0)R' or 
C(0)OR''. 

In anothCT embodiment of &e compounds of formula VI, R^ is 
10 (Cs-C4)alkyHCVC^heteroaryl, (C,-C8)alkyl, aryl, or (Co-C4)alkyl-OR^ 

la yet anothra embodiment of the compounds of formula VI, heteroaryl is pyridyi, 
luiyl. Of thienyl. In another embodiment oftiie compounds offormula VI, the H of 
C(0)NHC(0) can be replaced with (C,-C4)alkyl, aryl, or benzyl. 

In still anotiier embodiment. Has invention enconq)asses compounds of Formula VII: 



15 



20 




vn 

whoein: 

R' is (Ci-C8)a]kyl, (C3-C7)cycIoalkyl, (C2-Cg)alkenyl, (Cj-C8)alkynyl, benzyl, aryl, 
(Co-C4)alkyHCi-Cj)heterocycloalkyl, (Co-C4)alkyl-(C2^5)lieteroaiyl, C(0)R\ C(0)OR\ 
(C,-C,)alkyl-N(R«)2, (C,-C,)alkyl-OR^ (C,-C8)aIkyl-C(0)0R^ C(S)Nffie. or 
(C,-C0all£yl-O(CO)R*; 

B? is (C,-C8)alkyl, (C3-C7)cycloalkyl, (Cj-C8)alkenyl, (C2-Cg)alkynyl, benzyl, aryl, 
(Co--C4)a1kyHC,-C()heterocycloalkyl,(Co-<:4)aIkyl-(Cj-C5)heteroaryl, 
(Co-Cs)alkyl-N(R% (C,-Cg)alkyl-OR'. (C,-Cg)a]kyl-C(0)OR*, (C,-Cg)alkyl-0(CO)R^ or 
C(0)OR*; 
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R" is (C,-C8)alkyl, (C2-Cj)alkenyl, (Cj-Cg)alkynyl, (C,-C4)alkyl-0R'. benzyl, aiyl, 
(Co-C4)alkyHC,-C4)heterocycloalkyl, or (Ca-C4)alkyl-<Q-Cj)heteroaiyl; 

is (C,-C8)alkyl, (C2-C8)alkenyl, (Cj-C^alkynyl, benzyl, aiyl, or (C2-C5)heteroaiyl; 

5 

each occurrence of R** is independently H, (C,-C8)alkyl, (C2-C8)alkenyl, (Cj-Cg)alkynyl, 
benzyl, aryl, (C2-Cj)het6roaryI, or (Co-C8)alkyl-C(0)0-R^ or flieR* groups can join to 
form a heterocycloalkyl group; and 

10 the* represents a chiral-carbon center. 

In a separate embodiment of compounds of formula YII, R' is (C3-C7)cycloalkyl, 
(Cj-C8)alkeiiyl. (C2-C8)alkynyl, benzyl, aryl, (Co-C4)alkyKC,-Cs)heterocycloalkyl, 
(Co-C4)alkyHC2-Cj)heteroaiyl, C(0)R\ C(0)OR*, (C,-C8)alkyl-N(R«)2, 
(C,-C,)aIkyK)R*. (C,-C8)aIkyl-C(0)0R^ C(S)Nffie. or (C,-Cg)alkyl-O(C0)R'; and 

15 

R' is (C,-C8)alkyl, (C3-C7)cycloa]kyl, (C2-C«)alkenyl, (Cy-C8)al]£ynyl, benzyl, aiyl, 

(Q-<:4)alkyHC,-<:«)het6n)cycloalkyi,(Q-C4)alkyi-<C2-^^^ 
(CH:yalkyi-N(R«)2; (Co-Cg)alkyl-NH-C(0)0-R'; (C,-Cg)alkyl-OR', 
(C,-C^aIkyl-C(0)OR'. (C,-C,)alkyl-0(CO)R», or C(0)OR^ and the other variables are as 
20 defined above. ^ 

In anotha- anbodiment of flie conqjounds of fonnula VII R' is (Ci-C^aSkyl, benzyl, 
CH2OCH3, CHjCHjOOHj, or 



25 




In another embodiment of the compounds of formula Vn, R' is 

30 




wherein Q is O or S, and each occurrence of R' is independently H,(C,-Cg)alkyl, 
35 (C3-C7)cycIoaIkyl, (C2-Cg)alkenyl, (Cj-CiJalkynyl, benzyl, aiyl, halogen, 
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(Co-C,)alkyl--(C,-<:«)heterocycloalkyI.(Co-C4)aIk3d-<Cj-<:j)^^ 

(Co-C8)aIkyI-N(R«)j. (C,-C8)alkyM)R* (C^€^alkyl-C(OPR^ (C,-C,)a]lcyl-0(CO)R*, or 
C(0)OR', or adjacent occurrences of R' can be taken together to form a bicy«;Kc alkyl or aiyl 
ring. 

5 In still anoflier embodim^ of ftie compounds of formula VII, R' is C(0)R* or 

C(0)OR''. 

In another embodiment of the compounds of formula VII, R' is 
(Co-C4)alkyHC2-C5)heteroaryl. (C.-CJalkyl, aryl, or (Ctf-C4)alkyW)R». In yet another 
embodiment of the compounds of fornmla Vn, heteroaryl is pyridyi, foryl, or thienyl. 

10 As used herein, the phrase "compounds of the invention" means, collectively, 

compounds falling within Formulas 1, 11, in, IV, V, VI, and VII and include 
phaimaceutically acceptable salts, hydrates, solvates, and clathrates thereof 

The compounds of the invention generally exist in solid form and can be 
reciystallized according to well-known metiiods affording high-purity crystals, preferably, 

15 in greater than 95% purity, more preferably, in greater than 98% purity. Narrow melting- 
point range is an indication of purity, thus, compounds of the invention generally have a 
melting point witiiin a range of 3 »C to 4 »C, more preferably, within a range of 2 "C. 

The compounds of the invention can contain one or more chiral centers and/or 
double bonds and, tiierefore, exist as stereoisomers, such as double-bond isomers (i.e., 

20 geometric isomers), enantiomers, or diastereomers. According to the invention, the 
chemical structures depicted hacein, and thajefore fte compounds of the invention, 
encompiss allof the corresponding enantiomers and stereoisomers, that is, both the 
stereomerically pure form (e.^., geometrically pure, enantiomerically pure, or 

diastereomericaUypure) and enantiomoic and stereoisomeric mixtures, ag., racemates. 

25 A compound of the invention is considered optically active or enanticanerically pure 

(Le., substantially the R-fonn or substantial^ flxe S-fonn) wifli reject to a duial center 
when flie conqwund is about 90% ee (enantiomoic excess) or greater, preferably, equal to 
or greater than 95% ee with respect to a particular chiral center. A compound of Ihe 
invention is considaed to be in enantiomerically enriched form when the compound has an 

30 enantiomeric excess of greater than about 1% ee, preferably greater than about 5% ee, more 
preferably, greater than about 10% ee with respect to a particular diiral center. As used 
herein, aracemic mixture means about 50% of one enantiomer and about 50% of is 
corresponding enantiomer relative to all chiral centers in the molecule. Thus, tiie invention 
encompasses all enantiomerically pure, enantiomericaUy enriched, and racemic mixtures of 

35 compounds ofFormulas I through vn. 
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Enantiomeric and stereoisomeric mixtures of confounds of the invention can be 
resolved into their component enantiomers or stereoisomers by weU-known methods, such 
as chiral-phase gas chromatography, chiral-phase high performance Uquid chromatography, 
crystallizing the compound as a chiral salt complex, or crystallizing the compound in a 
5 chiral solvent. Enantiomers and stereoisomers can also be obtained from stereomericaUy or 
enantiomerically pure intemediates, reagents, and catalysts by weU-known asymmetric 
synthetic methods. 

The invention further encompasses prodrugs of compounds falling witiim Formulas 
I, n, in, IV, V, VI, and Vn, The tenn "prodrug" refers to a compound ftat, following 
10 administration in a mammal, converts, via a biotransformation, into a compound faUing 
within Formulas I, U, IE, IV, V, VI, and VH in vivo. Prodrugs of compounds falling 
within Formulas I, H, HI, IV, V, VI, and VH can be synthesized using well-known 
methods, such as those described by Burger's Medicinal Chemistry and Dmg Chemistry, 
Fifth Ed., VoL I, pp. 172-178, 949-982 (1995). 
15 The compounds of the invention are d^ed herein by their chemical structures 

and/or chemical names. Where a compound is referred to by both a chemical stracture and 
a chemical name, and the chemical structure aiid chemical name conflict; the chemical 
stmcture is determinative of the compound's identity. 

Tn. ano&er embodimrait, Ihe present invention further provides phamiaceutical 
20 compositions comprising a therapeutically effective or a piophylacticaUyefifective amount 
of one or more compounds of the invention and a phaimaceutically acceptable vehicle or 
carrier. A phannaceuticaDy acceptable vehicle or carrier can comprise an excipient, dihient, 
ora mixture thereof. The term "therapeuticaUy eflFective amount" means the amount of a 
compound of the invention that will elicit the biological ormedical response in a mammal 
25 that is being that is being treated by the,veterinarian or clinician. The Usm "prophylactically 
effective " means the amount of a compound of the invention that wfll prevent or inhibit 
affliction or mitigate affliction of a mammal with a medical condition that a veterinarian or 
clinician is trying to prevent, inhibit, or mitigate. 

hi another embodiment, the invention concerns a method of modulating the 
30 production or lowering the levels of TNF-o in a mammal comprising administering to said 
mammal an effective amount of a compound of the inventioiL 

In yet another embodiment, the invention concerns a method of modulating the 
production or lowering the levels of IL-lp in a mammal comprising administering to said 
mammal an efifective amount of a compound of the invention. 

35 
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In a further embodiment, the invoition concans a method of modulating the 
production or increasing the levels of IL-10 in a mammal comprising administering to said 
mammal an efifective amount of a compound of die invention. 

hi still another embodiment, die invaition concerns a method of modulating the 
5 production or increasing Ihe levels of T-ceUs in a mammal cwnprising administering to said 
mammal an effective amount of a compound of the invention. 

In still another tanbodimen^ the mvention concans a metiiod of treating or 
preventing cancer in a mammal, comprising admmistering to said mammal a thaap«iticaUy 
effective amount of a compound of flie invention. The compounds of the invention can be 

10 used to treat or prevent any cancer, for example, solid tumors and blood-bom tumore. 
Specific examples of cancers treatable or preventable by compounds of ttte invQitiQn 
include, but are not limited to, cancers of the skin, such as melanoma; lymph node; breast; 
cervix; uterus; gastrointestinal tract; lung; ovary; prostate; colon; rectum; mouth; brain; 
head and neck; throat; testes; kidney; pancreas; bone; spleeI^ liver; bladder; larynx; nasal 

15 passages; and AIDS-related cancers. The compounds are particularly useful for treating 
cancers of the blood and bone marrow, such as multiple myeloma and acute and chronic 
leukemias, for example, lymphoblastic, myelogenous, lymphocytic, and myelocytic 
leukemias. The compounds of die invention can be used for treating or preventing dflier 
primary or metastatic tumors. 

20 hi yet one more embodiment, the invention provides methods of treatmg or 

preventing cancra-in amammal, comprising admmistaing to amammal inneed thereo:^ a 
therq)euticaUy effective amount of a compound of the invention and anodier cancer 
chemodienf>6utic ag^ 

hi yet another anbodimrait, the invoition concerns a method of treating or 

25 preventing inflammatory disorders in a mammal, conqsrising administering to said mammal 
a therq)eutically effective amount of a compound of the invention. The compounds of the 
mvention are especiaUy effective to treat or prevent mflammatory diseases related to die i^h 
regulation of TNF-a including, but not Ihnited to, arthritic conditions, such as, rheumatoid 
arthritis, and osteoarthritis; rheumatoid spondyhtis; psoriasis; post ischemic perfusion 

30 injury; inflammatory bowel disease; and chronic mflammatory puhnonary disease. 

hi one more embodiment still, the mvention provides mediods of treating or 
preventing inflammatory disordas in a mammal, comprising admmistering to a mammal m 
need thereof, a therapeuticaUy effective amount of a compound of the mvention and another 
anti-inflammatoiy agent 

35 
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In a further embodiment, the invention concems a method of treating or preventing 
heart disease in a mammal comprising administering to said mammal a therapeutically 
effective amount of a compound of the invention. For example, the compounds of the 
invention can be used to treat or prevent congestive heart failure, cardiomyopathy, 

5 puhnonary edema, endotoxin-mediated septic shock, acute viral myocarditis, cardiac 
allograft rejection, and myocardial infarction. 

In an additional embodiment, the invention concems a method of treating or 
preventing osteoporosis in a mammal comprising administering to said mammal a 
therapeutically effective amount of a compound of the invention. 

10 hi a further embodiment, the invention relates to a method of treating or preventing 

viral, genetic, inflammatory, allergic, and autoimmune diseases. For example, the 
compounds ate USefiil to treat or prevent diseases including, but not limited to, HIV, 
hepatitis, adult respiratory distress syndrome, bone resorption diseases, chronic pulmonary 
inflammatory diseases, dermatitis, cystic fibrosis, septic shock, sepsis, endotoxic shock, 

15 hemodynamic shock, sepsis syadrome, post ischenric rq)erfusion injury, meningitis, 
psoriasis, fibrotic disease, cachexia, graft rejection, auto-immune disease, rheumatoid 
spondylitis, Crohn's disease, ulcerative colitis, inflammatory-bowel disease, multiple 
sclerosis, systemic lupus erythrematosus, ENL m leprosy, radiation damage, asthma, or 
hyperoxic alveolar injury in a mammal comprising administering to said mammal a 

20 therapeutically effective amount of a compound of the invention. 

In still another embodiment, the invmtion concems a method of treating or 

preventing malaria, mycobacterial infection, or an opportunistic infection resulting fiom 
HIV in a manunal, comprising administOTng to said mammal a tiierapeutically effective 
amount of a compound of flie invention. 

25 In still one more embodiment, the invention relates to treating or preventing 

mammals having more than one of the conditions treatable by a compound of the invention. 

In the above embodunents, it is preferable that the mammal be in need of the 
treatment or prevention, that is, tiie mammal is actually suffering fiom a medical condition 
or at risk of a medical condition for which a compound of the invention can provide 

30 treatment or prevention. However, die compounds of the invention can also be 

administered to test animals that do not necessarily require such treatment or prevention. 

In a finther embodiment, the invention encompasses a method of modulating the 
production or lowering die levels of TNF-a in a mammalian cell or tissue comprising 
contacting an effective amount of a compound of the invention witii said mammalian cell or 

35 tissue. 
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In yet another embodiment, the invention encompasses a method of modulating the 
production or lowering the levels of IL- 1 P in a mammalian cell or tissue comprising 
contacting an effective amount of a compound of the invention with said mammalian cell or 
tissue. 

5 In still another embodiment, the invention encompasses a method of modulating the 

production or lowering the levels of IL-10 in a mammalian cell or tissue comprising 
contacting an effective amount of a compoimd of the invention with said mammalian ceil or 
tissue. 

In still another embodiment, the invention encompasses a method of modulating the 
1 0 production or lowering the levels of T-cells in a mammalian cell or tissue comprising 

contacting an effective amount of a compoimd of the invention with said mammalian cell or 
tissue. 

Tn these embodiments, the term "effective amount** means the amount of the 
compound that will induce tiie biological response sought by the researcher^ veterinarian, 
1 S physician, or clinician. It should be understood that the cell can be in a cell culture or a 
tissue culture (in vitro) or in an organism (in vivo) including a human. 

The preset invention may be understood by reference to the detailed description 
and examples that are intended to exemplify non-limiting embodiments of the invention. 

20 

5. Definitions 

The phrase *'phaimaceutically acceptable salt(s)," as used herein includes, but is not 
limited to, salts of acidic or basic groups that may be present in the compounds of the 
invention. Compounds of the invention that are basic in nature are capable of forming a 

•25 wide variety of salts with various inorganic and organic acids. The acids that may be used 
to prepare pharmaceutically acceptable salts of such basic compounds are those that form 
salts comprising pharmacologically acceptable anions including, but not limited to, acetate, 
benzenesulfonate, benzoate, bicarbonate, bitartrate, bromide, calcium edetate, camsylate, 
carbonate, chloride, bromide, iodide, citrate, dihydrochloride, edetate, edisylate, estolate, 

30 esylate, fumarate, gluceptate, gluconate, glutamate, glycoUylarsamlate, hexyhesorcinate, 
hydrabamine, hydroxynaphthoate, isethionate, lactate, lactobionate, malate, maleate, 
mandelate, mesylate, mettiylsulfate, muscate, napsylate, nitrate, panthothenate, 
phosphate/diphosphate, polygalacturonate, salicylate, stearate, succinate, sulfate, tannate, 
tartrate, teoclate, triethiodide, and pamoate (Le., l,r-methylene-Z?£y-(2-hydroxy-3- 

35 naphthoate)). Compounds of the invention that include an amino moiety also can form 
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phamaceutically acceptable salts with various amino acids, in addition to the acids 
mentioned above. Compounds ofthe invention that are acidic in nature are capable of 
forming base salts with various pharmacologically acceptable cations. Examples of such 
salts include alkali metal or alkaline earth metal salts and, particularly, calcium, magnesium, 

5 sodium, lithium, zinc, potassium, and iron salts. 

As used herein, the term "solvate" means a compound ofthe invention or a salt 
thereof, that further includes a stoichiometric or non-stoichiometric amount of a solvent 
bound by non-covalent intermolecular forces. Preferred solvents are volatile, non-toxic, 
and/or acceptable for administration to humans in trace amounts. 

10 As used herein, the term *Tiydrate" means a compound ofthe invention or a salt 

. thereof, that further includes a stoichiometric or non-stoichiometric amoimt of water bound 
by non-coVdl6nt interaaolecular forces. 

The term "claflirate" means a compound of the invention or a salt thereof in the form 
of a crystal lattice that contains spaces {e.g., channels) that have a guest molecule (e.g., a 

15 solvent or water) trapped within. 

As used herein, the term "allq^l group*' means a saturated, monovalent, unbranched 
or branched hydrocarbon chain. Examples of alkyl groups include, but are not limited to, 
(C,-Cg)alkyl groups, such as methyl, ettiyl, propyl, isopropyl, 2-methyl-l-propyl, 
2-methyl-2.propyl, 2-methyH.butyl, S-methyH^butyl, 2«methyl-3-bulyl, 2,2^ethyH. 

20 propyl, 2«methyl-l"pentyl, 3-methyl«l-pentyl, 4.methyH.pentyl, 2-methyl-2-pentyl, 3- 
methyl-2-pentyl, 4-methyl-2-pentyl, 2,2-dimethyl-l-butyl, 3,3-dimethyl-l-butjd, 2-ethyl-l- 
butyl, butyl, isobutyl, /-butyl, pentyl, isopentyl, neopentyl, and hexyi, heptyl, and octyl. An 
alkyl group can be unsubstituted or substituted with one or two suitable substituents. 
An "alkenyl group*' means a monovalent, unbranched or branched hydrocarbon 

25 chain having one or more double bonds therein. The double bond ofanalkenylgroiq) can 
be unconjugated or conjugated to another unsaturated groiq>. Suitable alkenyl groiqis 
include, but are not limited to (C2-~C8)alkOTyl groups, such as vinyl, allyl, butenyl, pentenyl, 
hexenyl, butadienyl, pentadienyl, hexadienyl, 2-ethylhexenyl, 2-propyl-2-butenyl, 4-(2- 
methyl-3-butene)-pentenyI. An alkenyl group can be unsubstituted or substituted with one 

30 or two suitable substituents. 

An "alkynyl group" means monovalent, unbranched or branched hydrocarbon chain 

^ having one or more triple bonds therein. The triple bond ofan alkynyl group can be 
unconjugated or conjugated to another unsaturated group. Suitable alkynyl groups include, 
but are not limited to, (C2-C8)alkynyl groups, such as ethynyl, propynyl, butynyl, pentynyl. 
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hexynyl, methylpropynyl, 4-methyl-l-butynyl, 4-propyl-2-pentynyl, and 4-butyl-2-hexynyl. 
An alkynyl group can be unsubstituted or substituted with one or two suitable substituents. 

An "aryl group" means a monocyclic or polycyclic-aromatic group comprising 
carbon and hydrogen atoms. Examples of suitable aiyl groups include, but are not limited 
5 to, phenjd, tolyl, anthacenyl, fluorenyl, indenyl. azulenyl, and naphthyl, as well as benzo- 
fosed caibocyclic moieties such as 5,6,7,8-tetrahydronaphthyl. An aiyl group can be 
unsubstituted or substituted with one or more suitable substituents. Preferably, the aiyl 
group is a monocyclic ring, wherein the ring comprises 6 carbon atoms, referred to herem as 
"(C«)aiyl". 

10 A "heteroaryl group" means a monocyclic or polycyclic aromatic ring comprising 

carbon atoms and one or more heteroatoms, preferably, 1 to 3 heteroatoms, independently 
selected frwn nitrogen, oxygen, and sulfur. PreftrredJietaoaiyl-ring systems include 5 to 6 
manboed monocyclic, 8 to 1 1 membered bicyclic, and 11 to 15 membered tricycUc ring 
systems. As well known to those skilled in the art, heteroaryl rings have less aromatic 

15 character than their all-carbon counts: parts. Thus, for the purposes ofthe invention, a 
heteroaijd group need only have some d^ree of aromatic character. Hhistiative examples 
of hetooaryl groups include, but are not limited to, pyridinj^ pyridazinyl, pyrimid^, 
pyrazyl, triazinyl, pyrrolyl, pyiazolyl, imidazolyl, (1,2,3,> and (l,2,4)-triazolyi, pyrazinjd, 
pyrimidinji teteazolyl, finyl, fliienyl, isoxazolyl, fliiazolyl, phienyl, isoxazolyl, and 

20 oxazolyl. A heteroarjd group can be unsubstituted or substituted wi& one or two suitable 
substituaits. Preferably, a heteroarjd group is a 5 or 6 manbered monocyclic ring, wherein 
the ring comprises 2 to 5 carbon atoms and 1 to 3 heteroatoms, refened to herein as "(C2- 
Cj)heteroar>d" which optionally can be fiised to one or more oflier aryl, cycloalkyl, 
heteroaryl, or heterocyclic ring systems to form 7 to 10 membered bicyclic or 10 to 15 

25 membered tricyclic ring systems. 

A "cycloalkyl group" means a non-aromatic, monocyclic or polycychc ring 
comprising carbon and hydrogai atoms. A cycloalkyl group can have one or more carbon- 
carbon double bonds in die ring so long as the ring is not rendered aromatic by their 
presence. Examples of cycloalkyl groups include, but are not limited to, (G3-C8)cycloalkyl 

30 groups, such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and cycloheptyi, and 
saturated cycKc and bicychc teipenes and (C3-Cg)cycloaIkenyl groups, such as 
cyclopropenjd, cyclobutenji, cyclopentenyl, cyclohexenyl, andcycloheptenyl, and 
unsaturated cycKc and bicychc terpenes. A cycloalkyl group can be unsubstituted or 
substituted by one or two suitable substituents. Preferably, the cycloalkyl group is a 

35 monocyclic ring or bicyclic ring. 
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A "heterocycloalkyl group" means a non-aromatic monocyclic or polycycUc ring 
comprising carbon atoms and at least one heteroatom, preferably, 1 to 4 heteroatoms 
independently selected from nitrogen, oxygen, and sulfur. Preferred heterocyclic-ring 
systems include 3 to 8 membered monocyclic, 8 to 1 1 membered bicyclic, and 1 1 to 15 
5 membered tricyclic ring systems. A heterocycloalkyl group can have one or more carbon- 
carbon double bonds or carbon-heteroatom double bonds in the ring as long as the ring is 
not rendered aromatic by their presence. Examples of heterocycloalkyl groups include 
aziridinyl, pyrrolidinyl, pyrrolidine, piperidinyl, piperidino, piperazinyl, piperazmo, 
morpholinyl, morpholino, thiomorpholinyl, thiomorpholino, tetrahydrofiiranyl, 
10 tetrahydrothiofuranyl, tetrahydropyranyl, and pyranyL A heterocycloalkyl group can be 
unsubstituted or substituted with one or more suitable substituents. Preferably, the 
heterocycloalkyl group is a monocyclic or bicyclic ring, more preferably, a 3-7 membered 
monocyclic ring, wherein the ring comprises from 1 to 6 carbon atoms and from 1 to 3 
heteroatoms, refenred to herein as "(C,-C6)heterocycloalkyl", which optionally can be fiised 
15 to one or more other aryl, cycloalkyl, heteroaryl, or heterocyclic ring systems to form 7 to 10 
membered bicyclic or 10 to 15 membered tricyclic ring syst^s. 

The term "alkoxy group"means an -O-alkyl group, wherein alkyi is as defined 
above. An alkoxy groiq) can be unsubstituted or substituted with one or two suitable 
substituents. Preferably, the alkyl cham of an alkyloxy group is from 1 to 8 carbon atoms in 
20 length, refenred to herein as "(C,"<:yalkoxy. 

The temi "aryloxy gtoi^'' means an O-aryl group, wherein aryl is as defined above. 
An aryloxy groi^ can be unsubstituted or substituted with one or two suitable substituents. 
Preferably, the aryl ring of an aryloxy group is a monocyclic ring, wherein fte ring 
comprises 6 carbon atoms, referred to herein as "(C6)aryloxy*\ 
25 The term *T>enzyr means CHj-phraiyL A benzyl groi^j can be unsubstituted or 

substituted with one or more suitable substituents. 

The term '"phenyl" means CgB^. A phenyl groiq) can be unsubstituted or substituted 
with one or more suitable substituents. 

A "carbonyr* group is a divalent groiq) of the formula -C(0>-. 
30 An "alkoxycarbonyl" group means a monovalent group of the formula C(0>-alkoxy. 

Preferably, the hydrocarbon chain of an alkoxycarbonyl group is fiom 1 to 8 carbon atoms 
in length, referred to herem as a "lower alkoxycarbonyl" group. 

As used herein, "halogen" means fluorine, chlorine, bromine, or iodine. Corres- 
pondingly, the meaning of the term "halo" encompass fluoro, chloro, bromo, and iodo. 
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As used herein, a "suitable substituent" means a group that does not nullify the 
synthetic or pharmaceutical utility of the compoimds of the invention or the intermediates 
useful for preparing them. Examples of suitable substituents include, but are not limited to: 
(C,-Cg)alkyl; (C,-Cg)a1kenyl; (C,-C|5)alkynyl; aiyl; (C2-Cj)heteroaryl; 

5 (Ci-C6)heterocycloalkyl; (C3-€7)cycloalkyU 0-(C,-Cg)alkyl; 0-(C,-C8)alkenyl; 

0-(C,-C8)alkynyl; 0-aryl; CN; OH; oxo; Halo, C(0)OH; COhalo; 0(CO)halo; CF,, N3; 
NO2, NHj; NH((C,-Cg)alkyl); N((C,-C8)alkyl)j; NH(aryl); N(aryl)j; (C0)NH2; 
(C0)NH((C,-C8)alkyl); (C0)N((C,-C8)alkyl)j; (CO)NH(aryl); (CO)N(aryl)j;0(CO)NHj; 
NHOH; N0H((CrC8)alkyl); NOH(aryl);0(CO)NH((C,-<:g)alkyl); O(CO)N((C,-C0alkyl),; 

10 0(CO)NH(aiyl); 0(CO)N(aryl)j; CHO; C0((C,-C8)a]kyl); CO(aryl); C(0)0((C,-Cg)alkyl); 
C(0)0(aiyl); 0(CO)((C,-Cg)alkyl); 0(CO)(aryl); 0(C0)0((C,-C8)alkyl); 0(CO)0(aiyi); 
S-(C,-Cg)alkyi; S-(Ci<;j)a]kBnyi; S-(C,-Cg)alkynyl; and S-aryl. One of skiU in art can 
readily choose a suitable substituent based on the stability and pharmacological and 
synthetic activity of the c(nnpound of the invention. 

15 

6. DetaHed Description of The Invoition 

In one embodiment, the invention encx)nipasses compounds of the fennula: 



20 




H 



25 or a pharmaceutically acceptable salt, hydrate, solvate, clathrate, enantiom^r, diastereomer, 
racemate, or mixture of stereoisomers thereof, wherein: 

one of X and Y is CfO and the other is CH2 or C=0; 

30 R' is H, (C,-Cg)al]cyl, (C3-C7)cycloalkyl, (C2-C8)alkenyl, (C2-Cg)alkynyl, benzyl, aryl, 
(Co-C4)alkyl-(C,-C«)heterocycloalkyl, (Co-€4)alkyl-(Cj-Cs)heteroaryl, C(0)R\ C(S)R', 
C(0)OR*. (C,-C8)alkyt-N(R% (C,-C8)alkyl-0R^ (C,-C8)alkyl-C(0)0R*. C(0)NHR^ 
C(S)NHR\ C(0)NR'R^ C(S)NR3R^or (C,-C8)alkyi-0(C0)R*; 

35 R» is H, F, benzyl, (C,-Cg)alkyl, (Cj-C8)alkBnyl, or (C2-C8)alkynyi; 
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and R^' are independently (C.-COaU^l. (C3-C7)cycloaIkyl, (C2-Cj)alkenyl, 
(C2-Cg)a^yl' benzyl, aiyl, (Co-C4)alkyl-(C,-C6)heterocycloalkyl, 
(Co-€4)a]kyHC2-C5)heteroaryl, (Co-C8)alkyl-N(R')2, (C,-C8)alkyl-0R*, 
5 (C,-CJ)alkyl-C(0)OR^ (Ci-Cg)a]kyl-O(C0)R', or C(0)OR^ 

is (C,-C8)alkyl. (Cj-COalkenyl, (Ca-CJalkynyl, (C,-C4)alkylrOR', benzyl, aryi, 
(Co-C4)alkyl-(C,-Cj)heterocycloalkyl, or (Co-C4)alkyHC2-C5)heteroaiyl; 

10 R' is (Ci-Cyalkyl, (Cj-C^alkenyl, (Cj-COalkynyl. benzyl, aryl, or (Cj-Cs)tetetoaiyl; 

each oceuramee of R* is ind^ettdMtiy H; (C,-<^alksi (C^^yalkOT 

benzyl, aryl, (Cr-C5)heteroaiyl, or (Ctf-C8)allqrl-C(0)0-R' or the R* groiqjs can join to 

form a hetoocycloalkyl groi^; 
IS nisOorl;and 

the * rq)Fesents a chiral-<»ibon center; 

with the proviso that when n is 0 then R' is not H. 

M a sq>arate embodiment of compounds of formula I, when n is 0 Hasa R' is 

(C3-C7)cycloalkyl, (C2-Cg)alkenyl, (C2-Cj)allqmyl, benzyl, aryl, 
20 (Co-C4)alkyl-(C,-C4)heterocycloalkyl, (Co-C4)alkyHC2-Cj)heteroaiyl, C(0)R\ C(0)OR^ 

(C,-Cg)alkyl-N(R')2, (C,-C8)alkyl-OR^ (Ci-C^!iasyl-C(0)OK\ or 

(C,-Cg)alkyl-O(C0)R^ 

R^ is H or (Ci-C8)alkyl; and 

25 

R' is (C,-C8)alkyl, (C3-Cv)cycloalkyl, (C2-C8)alkenyl, {C2-Cg)alkynyl, benzyl, aryl, 
(Co-<:4)aIkyl--{C,-<:<Obeterocycloa]kyl,(Q-<:4)alkyHC2-<^s)heteroaiyl, 
(C5-C8)alkyI-N(R*)2; (Co-C8)alkyl-NH-C(0)0-R'; (C,-C8)alkyl-OR', 
(C,-C8)alkyl-C(0)0R^ (C,-Cg)alkyl-O(C0)R*, or C(0)OR*; and the other variables have 
30 the same definitioDS. Furiher,ftecompoimdsencompassedbyFonnulasn,III,IV, V, VI, 
and Vn as described above are also included wi&in the invention. 

A few examples of coiiq>ound8 of tiie invention which are illustrative andnoiir 
limiting are dq>icted in Table 1 below. 
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TABLE 1: Examples of Compounds of t he Invention 



Structure 



Name 




[2-(2,6-Dioxo-piperidm-3-yl)-l,3-<iioxo.23-dihydro-iy^^^ 
omdoM-yl-methyll-carbamic acid tertAiVityl ester 



10 



15 





4-(Aminoinethyl>2-(2,6-<Hoxo(3-piperidyl))-isomdolme- 
1,3-dioiie 



1-2 



20 



25 




HN--^ ]f " 




AH2-(2,6-Dioxo-pq>eridiiir3-yI)-l>dioxo-2^-dihydro-l/^ 
isoiiidol-4-yl-iiiefli^]-acetaimde 



30 




1-4 



A^{[2-(2,6-Dioxo(3-piperidyl).l^-dioxoisomdolin-4- 
yI]iiief]^l}cyclopn9yl-caiboxaiiiide 



35 
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20 




2-Chloro-A^^{[2-(2,6.dioxo{3-piperidyl))-l,3. 
dioxoisoiodo]iii-4-yl]met]iyl}acetaixude 



1-7 



25 



H3C^^^3 




^NH 



dioxoisomdoIi]i-4-yI|ined^}-acetaii]ide 



30 



1-8 



35 
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1-9 



l-rert-Butyl-^[2-<2,6-cHoxoiHperidiit3-y0.1,3-dbxo-2,3- 
dihydto- l/f-isoindol<4-^iiiel]i^}-area 



10 



15 




I-IO 



A'-{£2K2,S-DioxQ(3-pq)eridyi)M?3HiioxoisomdpliiH- 
yl]methyl}-33-djinet]iyIbutana]i]ide 



20 




I-ll 



iV-[2-(2,6-Dioxo(3-piperidyl))-l,3.dioxoisoindolm-4-yl]-3- 
pyiidylcaiboxamide 



25 




3-{l<)xo-4-[benzylammo]isomdolm-2-yl}pq)eridijie-2,6- 
dione 



30 



1-12 



35 
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2-(2,6-Dioxo(3-piperidyl))-4-[beii2ylaimno]isomdoli^^^ 
1,3-dione 



^^{PK2.6.Dioxo(3-piperidyl)>l^-<KoxoisomdoKn-4- 
yI]niethyI}propanainide 



^-{P-{2,6-Dioxo(3-piperidyl))4,3-dioxoisoindolin-4- 
yl]ii]eth^}-3-pyri(fylcarboxaimde 



^-{[H2,6-Dmxo(3-piperidyl)>l^Hiioxoisoindolm^ 
y]]methyl}heptanaimde 



1-16 
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N-{[2-(2,6-Dioxo(3-piperidyI)>.l,3-<iioxoisoMolm-4- 
yl]methyl}-2-fury]caibcyxaiiude 



M7 




H 



1-18 



2-Azido-N"[2-(2,6-dioxo-piperidin-3-^)-l,3-dioxo-2,3- 
dihydro-lH-isomdoM-ylmsth^j-acetaiDide 



2-Ammo-Ar.{[2-(2,6-dioxo(3-piperidyl))-l,3- 
dioxoisomdolin-4-yl]methyl}acetanude 



W9 




Ethyl 6-(N-{[2-{2,6-dioxo(3-piperidyl)>.l,3. 
dioxoisomdolm-4-yl]metiiyl}caibainoyl)liexan<&te 



1-20 
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3-[(^er/-Butoxy)carbonylammo]-iV^{[2-(2,6-dioxo(3- 
piperid3d})-l^^tioxoisoindolm-4-yI]meftyI}piopaiiaimd^ 



3.Ainmo-iV.{[2-(2,6-dioxo(3^iperidyl))-l,3- 
dioXQisftm4oKn-4-yljTnet1>y1} prf%pmiflmi . 



{[2-(2,6-Dioxo(3-piperidyl))-l 3-dioxoisoiiidoliii-4- 
yl]inefhyl}-2-ti]ieiiyIcarboxamide 



Ar-{[2-(2,6-Dioxo(3-pipeiidyl))-l,3-dioxoisomdolin'4-- 
yr|methyl}-2-niBthoxyacetaiiiide 



1-24 



30 



35 
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(^'-{[2-{2,6-Dioxo(3-piperidyl))-l,3- 

dioxoisomdolin-4-yI]xriethyl}caibaxiioyl)me&yl 

acetate 



Ethyl 2-[(N-{[2-(2,6-dioxo(3-piperidyl))-l,3- 

dioxoisoindoIjn-4-yl]methyl}carbamoyl) 

aimno]acetate 



A/'-{[2-(2,6-Dioxo(3.piperidyl))-13-dioxoisoiiuiolm- 
4*yl]nie4lLyI}(etliyIaixiiiu>)caif>oxan]ide 



2-(2,6-Dioxo(3-piperidyl))-4-[(2- 
fiuy]niBlhyl)aniino]iso2ndoIine-l,3-dioiie 



30 1-28. 



35 



-35- 



wo 02/059106 



PCT/USOl/50401 




A^-[2-(2,6-dioxo(3-piperidyl)).l,3. 
° H ° d»<>xoisomdolin-4-yi].2.meflioxyacetaim<ie 



1-29 




HN— f 




V_y y-J^^ ^-[2-(2,6-dioxo(3-piperidjd))-l,3- 

dioxoisoindolin-4-3d]h^taiiamide 



1-30 



H 



{N-[2-(2.6-dioxo(3-piperidyl)).l,3. 



(/^'^(^ dioxoisoindolin-4-ylJcari)amoyl)methyl acetate 



1-31 



-36- 



wo 02/059106 




PCT/USOl/50401 



A^[2-(2,6-dioxo(3-piperidjd))-l,3- 
dioxoisoindoliii-4-yl]peiitananiide 

1-32 

10 

N-[2-(2,6-clioxo(3-piperidyl))-l,3- 
dioxoisomdoIin-4-yl]-2-diieD>icaiboxaiaide 

1-33 

20 

Methyl {N-[2-(2,6-dioxo(3-piperidyl)>13- 
dioxoisomdolm-4-yi]caibamoyl)fQnnate 

1-34 

30 






35 



-37- 



wo 02/059106 




PCTAJSOl/50401 




i\r-[2-(2,6-dioxo(3-piperidyl))-l,3. 
dioxoisouidolin-4-yl]-2-fuiyIcaiboxainide 



A^-[2-(2,6-dioxo(3-piperidyl))-l,3. 
dioxoisomdolin-4-yl]ben2aimde 



N-[2-(2,6-dioxo(3-piperidyi)>13. 
dioxoisojiidolin-4-yl]propaiiaimde 



25 

1-37 



30 



35 



-38- 
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Methyl 3-{iV-[2-(2,6-dioxo(3-piperidyl))-l,3- 
dioxoisoiiKiolm-4-yi]carbamo>i}piopa]ioate 

1-38 



A/^[2-(2,6-dioxo(3-piperidyl))-l ,3- 
dioxoisoindolin-4-yl]-2-phenylacetamide 

1-39 



^'-[2-(2,6-d^oxo(3-piperidyl))-l,3- 
dioxoisoindolin-4-yl]-2-pyridylcarboxamide 



1-40 



-39- 



WO 02/059106 







wo 02/059106 



PCT/USOl/50401 




Ar-[2-(2,6-dioxo(3.piperidyl))-l,3- 
dioxoisomdoIiii-4-yl]-2-chIoroacetamide 



10 



15 



1-41 




2.azido-//-[2-(2,6-dioxo(3-piperidyl)).l,3- 
dioxoisoindolm-4-yl]acetamide 



1-42 



20 




2-Amino-i\r-[2-(2,6-dioxo(3-piperidj4))-l^- 
dioxoisomdolin-4-yl]acetaniide 



25 



1-43 



30 



35 



-40- 



wo 02/059106 » V^_« PCT/USOl/50401 



5 




A/^[2-(2,6-dioxo(3-piperi^)>.l^xoisoindoIinr4- 
yl]-2-chloroacetanude 



1-44 

10 



H 




2-azido-;\r-[2-(2,6-dioxo(3-piperidyI))-l. 
oxoisoiiidolm-4-yl]acetainide 



1-45 

20 



25 




2-A^lino-^'-I2-(2,6-<iioxo(3-piperidyl))-l- 
oxoisoiiidolin-4-yI]acetaimde 



1-46 



30 



35 



41- 



wo 02/059106 




PCTAJSOl/50401 



5 




3-{4-[(2-Fui^ethyl)aiiiino]-i-oxoisomdolin-2- 
yl}piperidine-2,6-dione 



1-47 

10 




3-[l-Qxo-4-(pentylanuno)isoindoliii-2- 
yl]piperidme-2,6-dione 



1-48 



20 




2-(2,6-Dioxo-piperidin-3-yl)-4-(2-in^oxy- 
ethylainino)-isoin(iole-l,3-dione 



1-49 



30 



35 



42- 



wo 02/059106 




PCTAJS01/S0401 



2-BenzyIoxy-N.[2-(2,6-dioxo-piperidm-3-yl)- 
l,3-dioxo-2,3-dihydro-lH-isoindol-4-yl]- 
acetamide 

1-50 



2-(2,6-Dioxo-piperi(im-3-yl)-4-pentylamino- 
isoiiidole-l,3-dione 



3-Chloro-N-[2-(2,6-dioxo-piperidin-3-yl).l,3- 
dioxo-2,3-dihydro-lH-isoindol-4-yl]- 
benzamide 

1-52 

25 



N-[2-(2,6-Dioxo-piperidin-3-yl)-l,3-dioxo-2,3- 

dihydro-lH-isoindol-4-yl]-2-phenoxy- 
acetamide 

1-53 

35 







-43- 



wo 02/059106 (i 



PCT/USOl/50401 




V_/ 4-(2-Benzyloxy-ethylainino)-2-(2,6-dioxo- 
piperidin-3-yI)-isoindole-l,3-dione 



1-54 



10 




N-[2-(2,6.Dioxo-piperidm-3-yl)-I,3-dioxo-2,3- 
dihydro-lH-isomdol-4-yl]-3-fluoro-beiizainide 



15 

1-55 



20 




N-[2-(2,6-Dioxo-piperidm-3-yI).l,3-dioxo-2,3- 
dihydn)-lH-isoindol-4-ylj.3-methyl-beD2amide 



1-56 

25 



30 




N-[2-(2,6-Dioxo-pip«idm-3-yl)-l,3-dioxo-2,3- 
dihydro-lH-isomdol-4-yl]-3-methoxy-benzamide 



1-57 

35 



-44- 



wo 02/059106 



( 



PCTAJSOl/50401 



P O. 




N-[2-(2,6-Dioxo-pxperi(iin-3-yl)- 1 ,3-dioxo-2,3- 

dihydro-lH-isomdol-4-yl]-3-trifluoix>methyl- 
benzamide 



1-58 



10 



15 




N-[2-(2,6-Dioxo-piperidin-3-yl)-l,3-dioxo-2,3- 
dihydro-lH-isomdol-4-yl]-3-nitro-benzamide 



1-59 



20 



P Ol 




N-[2-(2,6-Dioxo-piperidin-3-yl)-l,3-dioxo-2,3- 
dihydro-lH-isoindol-4-yl]-butyrainide 



25 



1-60 



30 



P Ol 




N-[2-(2,6-Dioxo-piperidin-3-yl)-U-dioxo-2,3- 

dihydro-lH-isoindol-4-yl]-2-mefliylaimno- 
acetamide 



35 



1-61 



-45- 



wo 02/059106 
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2-(2,6-Dioxo-piperidm-3-j4)-4-hq)tyiainino- 
isomdol©-l,3-dione 



4-Chloro-N-[2-(2,6-dioxo-piperidin-3-yl)-l,3- 
dioxo-2,3-dihydro-lH-isoindol-4-yl]-benzaimde 



1-^3 



20 




Cyclopropanecarboxylic acid [2-(2,6-dioxo- 

piperidm-3-yI)-l,3-dioxo-2,3-dihydio-lH- 
isoindol-4-yl]-ainide 



25 

1-64 



30 



35 



-46- 
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N-[2-(2,6-Dioxo-piperidin-3-yl). 1 ,3-dioxo-2,3- 
dihydro- lH-isoindol-4-)d]-4-fIuoro-benzainide 



N-[2-(2,6-Dioxo-piperidiD-3-}d)-l,3-dioxo-2,3- 

dihydrD-lH-isoindol-4-yl]-4-trifluoromethyl- 

benzamide 



N-[2-(2,6-Dioxo-piperidin-3-yl)-U-dioxo-2,3- 
dihydro-lH-isoindol-4-yl]-4-methyl-beDzaiuide 



25 

1-67 



30 



35 

-47- 



wo 02/059106 C_^PCT/US01/50401 



5 




lsf-[2-(2,6-Dioxo-piperidin-3-yl)-l,3-dioxo-2,3- 
dDiydio-lH-isoindol-4-yl]-4-nitto-beDzainide 



1-68 

10 



15 




N-[2-(2,6-Dioxo-piperidin-3-yl)-l,3-<iioxo-2,3- 
dihydio-lH-isomdol-4-yl]-2-ethoxy-acetainide 



1-69 

20 



25 




N-[2-(2,6-Dioxo-piperidin-3-yl)-l,3-dioxo-2,3- 

dihydro-lH-isomdol-4-ji]-2-methylsulfiinyl- 

acetamide 



1-70 

30 



35 



-48- 



wo 02/059106 
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N-[2-(2,6-Dioxo-piperidin-3-yl)-l,3-dioxo-2,3- 
dihydro-lH-isomdol-4-yl]-2-methoxy-benzamide 



N-[2-(2,6-Dioxo-piperidin-3-yl)-l,3-dioxo-2,3- 
dihydro-lH-isoindol-4-yl]-2-fluoro-beQzaimde 



1-72 




7-Amino-N-{[2.(2,6-dioxo(3-piperidyl)>l,3- 
dioxoisomdolin-4-yl]mefliyl}h^tanainide 



N-{[2-(2,6-Dioxo(3-piperidyl)>l,3. 
dioxoisoindolin-4-yl]mefliyl}butanaimde 



-49- 



wo 02/059106 ^^i^ ^-^V PCTAJS01/S0401 




^ N-{[2-(2;6-Dioxo(3-piperidyl))-U- 

dioxoisoindoIin-4-yl]m6tbyl}benzaimde 



I-7S 

10 




N-{[2-(2,6-Dioxo(3-pip6ridyl))-l,3- 
dioxoisomdolin-4-yI]meth34}phenylacetamide 



N- {[2-(2,6-Dioxo(3-piperidyl))-l^- 

dioxoisoindoIin-4-yl]methyl}-2- 

pyridylcaiboxamide 



25 

1-77 



30 




N-{[2-(2,6-Dioxo(3-piperidyI)>l,3- 
dioxoisoindolm-4-yl]methyl}uiid6camide 



35 



1-78 



-50- 
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o O n 



N-{[2-(2,6-Dioxo(3-piperidyl))-l,3- 

dioxoisouidolin-4-yl]inethyl}-2- 

methy^opanamide 



10 



15 



P o. 




1-80 



N-{[2^2,6-Dioxo(3-piperiayl)>l^, 

dioxoisoindolm-4- 

yI]me(hyl}cyclopent3icaiboxainide 



20 




N-{[2-(2,6-Dioxo(3-piperidyl)>U- 
dioxoisoiiidolin-4- 

yl]mediyl}cycIohex]dcaiboxamide 



25 



1-81 



30 



9 o. 




H H 



1-82 



N-{[2-(2,6-Dioxo(3-p^eridyl))-l,3- 
dioxoisoiiidolm-4- 

yl]met]iyl}(phaiylainino)carboxamide 



35 



-51- 
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TABLE 1 Cont. 



Structure Name 



10 



20 



25 



35 



9 \ H 



N-{[2-(2,6-Dioxo(3-piperidyl))-l,3- 
clioxoisomdolin-4- 
JLj^J ]4]meth^}(but}dan]iiio)carboxamide 



> — ^ dioxoisoindolin-4- 



H H 



1-83 




N-{[2-(2,6-Dioxo(3-piperidyl)>l,3- 
15 Q ^'^ — ^ dioxoisoindoIiii-4- 

^..^/VjjJL^J yl]meth^}(prop)dainino)caiboxamide 

H H 

1-84 




' > — f dioxoisoiiidolin-4- 



N-{[2-(2,6-Dioxo(3-piperidyl))-l,3- 
dioxoisoiiidolin-4- 
yl]methyl}(cyclohexylamino)carboxamide 




N-{[2-(2,6-Dioxo(3-piperidyl)>1.3- 



30 ^ ^ — ' dioxoisoindolm-4- 

yl]methyi} [(methylefliylamino)]caiboxaimde 



1-86 



-52- 



wo 02/059106 
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;n-/~Vo N-{[2-(2,6-Dioxo(3-piperidyl)>l,3- 
J t> dioxoisoindolin-4- 
H H yl]inetbyl}(octylamino)carboxaaiide 




1-87 



10 \-S 

|V\-/^)=o N-{[2-(2,6-Dioxo(3-piperidyl)>U- 

? 1^* dioxoisoindolin-4- 

l^^^^l'^^ N yl]me11iyl}(baizylaiiiino)carboxamide 

IS 1-88 



P O H 

V- N. N-{[2-(2,6-Dioxo(3-piperidyl)>U- 
dioxoisoindolin-4- 

yl]methyl} (cyclopropylaniino)caiboxaniide 



1-89 




25 



30 




2-Chlon)-N-[2-(2,6-dioxo-piperidin-3-ji)-l,3-dio 
xo-2,3- 

dihydro-lH-isoindol-4-yl]-benzamide 



1-90 



35 



-53- 



wo 02/059106 
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1-91 



[2-(2,6-Dioxo-piperidin-3-yl)-l,3-dioxo-2,3-dihy 
dro-lH- 

isoindol-4-yl]-carbaimc acid benzyl ester 



10 



15 



P 0. 




Q>^ ^NH 



N-[2-(2,6-Dioxo-piperidin-3-yl)-13-dioxo-2^-di 
hydro- 

lH-isoindol-4-yl]-acetainide 



20 



1-92 



0 O. 




1-93 



25 



Pentauoic acid 

[2-(2,6-dioxo-piperidin-3-yl)- 1 -oxo-2,3- 
dihydio-lH-isoindol-4-yl]-ainide 



30 



or' 




N-[2-(2,6-Dioxo-pq)eridin-3-3d>l-oxo-2^-dihyd 
ro-lH- 

isoindol-4-^]-propionamide 



1-94 



35 



-54- 



wo 02/059106 
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N-[2-(2,6-Dioxo-piperidin-3-yl)-l-oxo-2,3-<lihyd 
ro-lH- 

isomdol-4-yl]-iiicotmaimde 



1-95 



10 



15 





1-96 



O 2-(2,6-Dioxorpiperidin-3-yl)-4- {[(fimffl-2-ytosttl 

yl)- 

ammo]-ine!thyl}-isomdole-l,3-(iione 



20 




1-97 



N-[2-(2,6-Dioxo-piperidin-3-yl)-l-oxo-2,3-dihyd 
ro-lH-isoindol-4-yi]-benzamide 



25 



30 



.0 O. 




2-Dime%lamino-N-[2-(2,6-dioxo-piperidm-3-)4 
dioxo-2,3-dihydro-lH-isoiiidol-4-:^]-acetamide 



1-98 



35 



-55- 



wo 02/059106 
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P Q 




N-[2-(2,6-Dioxo-piperidin-3-yl>l,3-dioxo-23-di 
hydro- 

lH-isoindol-4-yI]-2-methyl-benzamide 



1-99 



10 




15 



MOO 



Heptanoic acid 

[2-(2,6-dioxo-piperidin-3-yl)-l-oxo-2,3- 
diliydro-lH-isoindol-4-yl]-aimde 



20 



P P 




N-[2-(2,6-Dioxo-piperidm-3-yl)-l^-dioxo-2,3-di 
hydro- 

lH4soindol-4-yl]-33-dimethyl-butyramide 



25 



30 




N-[2-(2,6-Dioxo-piperidin-3-yl)-l,3-dioxo-2,3-di 
hydro- 

lH-isomdol-4-yl]-isobutyiamide 



M02 



35 



-56- 



wo 02/059106 



C, 



IpCTAJSOI/50401 



10 



,9 H 




1-103 



N-[2-(2,6-Dioxo-piperi<iin-3-yl)-l,3-dioxo-2,3-di 
hydro- 

lH-isoindol-4-yl]-3-phenyl-propionaimde 



15 




N-[2-(2,6-Dioxo-piperidin-3-yl)-l,3-dioxo-2,3-di 
hydro- 

lH4soiiuiol-4-yl]-4-niethoxy-baizainid6 



1-104 



20 



P o. 



25 



30 





N-[2-(2,6-Dioxo-pipaidin-3-yI)-U-<iioxo-2,3-di 
hydno- 

lH-isoindol-4-yl]-2-tiifluoxQineaiyl-benzaimde 



N-[2-(2,6-Dioxo-piperidm-3-yl)-l^-dioxo-2,3-di 
hydro- 

lH-isotndol-4-yI]-malonamic add methyl ester 



1-106 



35 



- 57- 



wo 02/059106 



PPCTAJSOI/50401 



i9 Rv H 




N-[2-(2,6-Dioxo-piperidin-3-yl)-l,3-<iioxo-2,3-di 
hydro- 

lH-isomdol-4-yl]-3-mettioxy-propionaimde 



10 



15 



M07 




N-[2-(2,6-Dioxo-piperidm-3-yl)-l,3-dioxo-2,3-di 
hydro- lH-isomdol-4-yl]-2-hydroxy-acetamide 



20 



1-108 



P O. 




4-[(Furan-2-ylmethyl)-amino]-2-(l-methyl-2,6-di 
oxo-p^)eridm-3-yl)-isomdoIe-l,3-dione 



25 



1-109 



30 



■9 vs 



i'TT 




N-[2-(2,6-Dioxo-piperidm-3-yI)-U-dioxo-23-di 
hydro- 

lH-isoi]]dol-4-ylmeth^]-isomcotinainide 



35 



I-llO 



-58- 



wo 02/059106 



c 

N-[2-(2,6-Dioxo-piperidin-3-yl)-l,3-dioxo-2,3-di 
hydro- 

lH-isoindol-4-ylmethyl]-acetamide 

I-lll 

10 



{5-[2-(2,6-Dioxo-piperidin-3-yI)-13-dioxo-2,3-d 




ihydro-lH-isoindol-4-ylcarbainoyl]-pentyl}-caA 
amic 

acid benzyl est^ 



2-(2,6-Dioxo(3-piperidyl))-4- 
({[(cyclohexylainino)lMoxometh)d]ainmo}me& 
l)isoindole-l 3-dione 



2-(2,6-Dioxo(3-pipOTdyl))-4- 

({[(eth3iamino)thioxomefhyl]aiiimo}metfayl)isoi 

ndole-l,3-dione 





.59- 



wo 02/059106 
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.9 o. 




2-(2,6-Dioxo(3-piperidyl))-4- 

( {[(pn}pylamino)thioxome&yl]aiiiino}me11i 

yl)isoindole-l^-dione 



10 



15 



CI 



M15 



,9 9v H 





N-[2-(2,6^oxo(3-piperidyl))-l,3- 
dioxoisoindoliii-4-yl]-2-chloro-benzylainine 



1-116 



20 




25 



1-117 



30 



O O H 



{5-[2-(2,6-Dioxo-piperidin-3-j4)-l,3-dioxo- 
2,3-dihydro-lH-isomdoI-4-ylcaTbamoyl]- 
pentyl)-caTbaimc acid benzjd estar 



2-Methoxy-N-[2-(3-methyI-2,6-dioxo- 

piperidin-3-yl)-l,3-dioxo-2,3-dihydro-lH- 

isomdol-4-yl]-acetamide 



35 



1-118 



-60- 



wo 02/059106 



( 



'PCTAJSOl/50401 




0 0 H 



Pentanoic acid [2-(3-methyl-2,6-dioxo- 
piperidin-3-yl)-l ,3-dioxo-2^-<iihydro-lH- 
isouidol-4-yl]-amide 



10 



15 



20 



1-119 



,9 Ov H 




1-120 



.0 o. 




Hqjtanoic acid [2-(3-methyl-2,6-dioxo- 
piperidin-3-yI)-l ,3-dioxo-2^-dihydro-lH- 
isoindol-4-yl]-aniide 



3-Chloto-N-[2-(3-methyl-2,6-dioxo- 

piperidin-3-yl)-l,3-dioxo-2,3-dihydro-lH- 

isoindol-4-yl]-benzaiiude 



25 



1-121 



30 



,9 9x H 




1-122 



35 



N-[2-(3-Methyl-2,6-dioxo-piperidin-3-yl)- 
1 ,3-dioxo-2,3-dihydro-lH-isoindol-4-yl]- 
propionamide 



-61- 
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Thiophene-2-caiboxylic acid [2-(3-mefhyl- 

2,6-dioxo-piperidin-3-yl)-l,3-dioxo-2,3- 

dihydro-lH-isoindol-4«yl]-amide 



1-123 

10 




y 2-(2,6-Dioxo-piperidin-3-yl)-4-[(5-methyi- 

----\_iAs^NH ^ furan-2-ylmethyl)-armiio]-isoindole-l,3- 

dione 



1-124 

20 



*VNf V- / 2-(2,6-Dioxo-piperidin-3-yl)-4.[(5- 



,lslH ^ hydioxyme&yI>£uran-2-y]methyl)-aiiui]o 

isoindole-l^-dione 



2^ 1-125 




2-(2,6-Dioxo^iperidin-3-yI)-4'[(fhioplien- 
2-ylmeth}d>ainmo]>i8oindole-U-dioiie 



1-126 

35 



-62- 



wo 02/059106 



a 
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4-(3-ChlorO'beii2ylammo)-2-(2,6-<iioxo- 
piperidin-3-yl)-isomdole- 1 ,3-dione 



10 




2<2,6-DiQXO-py)eridin-3-yl)-4-[(pyridin-^ 
ylmethyl)-aniino]-isoindole-l 3-dione 



15 1-128 




5-{[2-(2,6-Di6xopiperidin-3-yl)-l,3-dioxo- 
23-dihydro-lH-isoindol-4-ylanuno]- 
inethyl}-furan-2-carboxylic acid 



4-[(4,5-Dimettiyl-furan-2-yImethyl)- 
aiQmo]-2-(2,6-dioxo-piperidin-3-yl)- 



isoindole-1 3'dione 



M30 

30 



35 



-63- 



wo 02/059106 



Q 
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4-[(Benzofuran-2-ylinethyl)-amino]-2-(2,6- 
dioxo-piperidin-3-yl)-isomdole-l,3-dione 



1-131 



10 




4-(3-Chloro-ben2ylamino)-2-(3-methyl-2,6- 
dioxo-piperidin-3-yl)-isoindole-13-<iione 



15 



1-132 



P 0. 



20 




3-[4-(3-Chloro-benzylamino)-l-oxo-l,3- 
<iihydro-isomdol-2-yl]-piperidinB-2,6-dione 



1-133 



25 



(XX, 



H H 




p O ^ 



N-{[2-(2,6-Dioxo(3-piperidyi)>l,3- 
dioxoisoindolin-4- 

yl]metfayl)(cyclopentylaniino)caiboxa]nide 
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N-{[2-(2,6-Dioxo(3'piperidyl)>l,3- 
dioxoisoindolm-4-yl]methyl} (3- 
pyridyIaiamo)carboxainide Hydrochloride 




N-{[2,(2,6-dioxo(3-piperidyI))-I,3- 

dioxoisoindoliii-4- 

yl]me1hyl}piperidylcarboxamide 




2Q j? \i ^ — Tort-Butyl 4-(N-{[2-(2,6-dioxo(3- 

H piperidyl))-! ,3-dioxoisoindolin-4- 

bocf^'^^sx^ yl3methyl}(caAamoyl)piperazinecarboxyiat 



9^ 

y O N-{[2-(2,6-Di 



,6-Dioxo(3-pipetidyl)>l,3- 



30 ^ ^ dioxoisoindolin-4- 

yI]mediyl}(diethylamiiio)caiboxamide 
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Cyclopropyl-N-{[2-(3-meflijd-2,6-dioxo(3- 

piperidyl)>-l,3-d[ioxoisoindolin-4- 

yI]methyl}carboxainide 



10 



15 



1-139 



c6^ 



N-{[2-(2,6-Dioxo(3-piperidyl))-l- 
oxoisoindolin-4- 

yljmethyl} cyclopiopylcarboxamide 
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N-{[2-(2,6-Dioxo(3-piperidyl))-l- 
oxoisoindoliii-4- 

yljmethyl} (ethylaiiuno)caiboxainide 
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Piperazine-l-caiboxyKc acid 
[2-(2,6-didxo-piperidm-3-ylVl,3-dioxo-2,3- 



dihydro-lH-isoindol-4-ylmethyl]-amide 

1-142 

10 

Selected compounds of Table 1 were tested using the in vitro assays described below 
and found to be active for modulating the production of TNF-a. 

Examples of optically or enantiomerically pure stereoisomers of the invention are depicted 
in Table 2 below, 

15 

TABLE 2: Examples of Stereoisomers of the Invention 
No. Structure No. Structure 
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^•^ SYOthesIs of the Compnniiris of the Tnv«.iirtnn 

The compounds of the invention can be obtained via standard, synthetic 
methodology. Some convenient methods are iUustrated in Schemes 1-8. Starting materials 
useful for preparing the compounds of the invention and intermediates therefor, ate 
commercially available or can be prepared from commerciaUy avaUable materials using 
known synthetic methods and reagents. Such starting materials include, but are not limited 
to, methyl-2-(methoxycarbonyl)-3-nitroben2oate; methyi-3-aminomethyl-2- 
(methoxycarbonyI)benzoate; substituted and unsubstituted aminoglutarimide hydrochloride; 
di-/-butyl dicarbonate; and cyclopropylcarbonyl chioride. 

Scheme 1: vSvnthesis of 4-( aminometTivlV2-f2.6^iQYn(3.pit>eridvn'> 
isoindoline-1 .3-dione rPni mula I. wherein R' is H anrt ic i ) 
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Scheme 1 outlines one method to synthesize 4-(aminomethyl)-2-(2,6-dioxo(3- 
piperidyl)HsomdoIine-13-dione (I, wherein R' is H and n is 1) from compound 10. In the 
first step, reduction of 10 (commercially available), for example, with palladium on 
charcoal and SO psi of hydrogen, followed by standard isolation and purification gives 
arylamine 11. Arylamine 11 converts to nitiile 12 by diazonium salt formation effected by 
treatment with sodium nitrate then displacement of nitrogm with cyanide according to the 
classic Sandmeyer procedure. Reduction of nitrile 12, for example, with palladium on 
carbon in metfaanol/aqueous hydrochloric acid under an atmosphere of hydrogen, gives flie 
hydrochloride salt of compound 13. Treatment of 13 with triethylamine Kberates tiie free 
base, which in turn reacts with di-r-butyl dicarbonate (14) (commercially available, for 
exMapJe, &Qxa Aldrich Chemical Ca Milwaukee, WI) giving carbamate 15. Treataieitt of 
carbamate 15 with 16, where R^ is as defined above, and abase, such as diisopropylethyl 
amine gives compound 17 that converts to I, wherein R' is H and n is 1 upon standard 
hydrolysis, for example, with aqueous hydrochloric acid/dioxane. Compounds 16 can be 
obtained by cyclizing the appropriately substituted, amino-protected glutamine by well- 
known methods (e,g., see WO 98/54170, incorporated herein by reference). 

Scheme 2: Synthesis of 4-Amino-2-f2.6-dioxo-piperidin-3-vlVisoindole-1.3-dione 
flFormula L wherein R' is H and n is 0^ 



25 



30 




H 

I, where is H and n is 0 



Scheme 2 outlines a conveni^ method to synthesize 4-aniino-2*(2,6-dioxo 
-piperidin-3-yl)-isoindoIe-13-dione ft wherein R' is H and n is 0) from 4-mtrophthaIic 
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anhydride (18). In the first step, a mixture of 18 and 16 in an acidic medium (e.g., sodium 
acetate in glacial acetic acid) is heated at about 60 'C to about 150 for a time of about 1 
hour to about 24 hours, until the reaction is substantially complde. After an aqueous 
woricup, 19 is isolated and diaracterized according to standard methods (see e.g.. United 
5 States Patent No. 5,635.517, incorporated herein by reference).Altemately, the reaction may 
be carried out in odier sohrents, mchiding pyridine. Conversion of 19 to I, wherein R' is H 
and n is 0, is accomplished by standard hydrogen reduction, for example, with palladium on 
carbon under about 50 psi to 200 psi of hydrogen at about room temperature to about 100 "C 
(see e.g., flie procedure recited in United States Patent 5,635.517). 

10 

Sdieme 3: Svnttiesis of rompnimrig nf P pmiula T. wTngein R' is CfQ^? or C.(Ci\C ) yt* 
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H 

I, where n is 1 



Scheme 3 outlines a convenient syndesis of compounds of Formula I, wherein R* is 
C(0)R' or C(0)OR'*. Ihihe first step, compound 13, as prepared as in Scheme 1 above, 
reacts with a compounds 20 or 21, depending on whether R» of C(0)R' or C(0)OR* is 
desired, to give compounds 22. According to scheme 3, E is a suitable leaving group, for 
example, but not limited to halides, such as chloride, bromide, and iodide; azido (Nj); 
arylsulfonyloxy oralkylsulfonyloxy (eg:, tosyloxyormesyloxy); phenoxy, aflcoxy; and 
oxycarbonyl groups. Preferably, E is a haUde, more preferably, chloride. Preferably, 
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compounds 20 are acid chlorides, such as acetyl chloride and cyclopropylcarbonyl chbride 
and compounds 21 are chloroformates, such as efhylchlorofoimate or benzylchlorofonnate. 
The reaction is carried out according to standard, well-known procedures, e.g, see March, J. 
Advanced Organic Chemistry; Reactions Mechanisms, and Structure^ 4th ed., 1992, pp.417- 
419, incorporated herein by reference. Treatment of 22 with 16 using the same procedure as 
outlined in Scheme 1 gives compounds of Formula I, wherein is C(0)R^ or C(0)OR*. 



10 



Scheme 4: Alternative Synthesis of Compounds of Formula L wherein 

isaom^oraO^OR^ 
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I, where n is 0 or 1 and R is H 



I, where n is 0 or 1 and is 
O o 
rS*^ or ^^^o^^ 



Scheme 4 outlines an alternative synthesis of compounds of Formula I, wherein R^ 
is C(0)R^ or C(0)OR* and a convenient syathesis of compounds of Formula I, wherein R^ 
is CHjR^. In the first step, compounds I, wherein R* is H, as prepared as in Scheme 1 (n = 
1) or Scheme 2 (n = 0) above, reacts with a compounds 20, 21, or 23 depending on whether 
R^ of C(0)R\ C(0)OR\ or CHjR^ is desired, to give compounds I where R^ is C(0)R\ 
C(0)OR^ or CHjR'- As defined above for Scheme 3, E is a suitable leaving group. 
Preferably, E is a halide, more preferably, chloride. Preferably, compounds 20 are acid 
chlorides, such as chloroacetyl chloride and ^butylacetyl chloride. Aldehydes 23 are readily 
available commercially or synthesized by well-known methods The reaction of 20 or 21 
with I, where R' is H is carried out according to standard, well-known procedures for 
nucleophilic displacement, e.g. see March, J. Advanced Organic Chemistry; Reactions 
Mechanisms, and Structure, AHied., 1992,pp.417-419. Thereactionof 23 withI,whereR' 
is H is accomplished according to ttie well-known reductive-amination procedure between 
an alddiyde and a primary amine, e.g, see March, J. Advanced Organic Chemistry; 
Reactions Mechanisms, and Structure, 4fli ed., 1992» pp,898-902, incorporated herein by 
reference. 
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Scheme 5: Synthesis of Compounds of Formula I. wherein R' is CfOCH^NfR^)^ 



5 




Scheme 5 outlines one method for the synthesis of compounds of Fomiula I, 
wherein is C(0)CH2N(R^)2. A compound of Foraiula I, wherein R^ is C(0)R* and R^ is 
(CH2)E, where E is a suitable leaving group as defined for Scheme 3, reacts with asoaines 24 
to give the desired Formula I compound, where R^ is C(0)CH2N(R^)2. Preferably, E is 
15 chloro and R^ is (CrC8)alkyl, such as methyl The reaction is performed according to 
standard, well-known procedures, e.g. see March, J- Advanced Organic Chemistry; 
Reactions Mechanisfns. and Structure, 4fhG±, 1992, pp. 411-413, incorporated herem by 
reference, 

20 Scheme 6: Svnifaesis of Compounds of Fo maula L wherein R' is CfO^NHR^ 




30 Scheme 6 shows one method to synthesize compounds of Formula I, wherem R* is 

C(0)NHR^ A compound of Formula I, where R* is H reacts with isocyanates 25 under 
routine conditions to give a compounds I, where R' is C(0)NHR^ The reaction is 
performed according to standard, well-known procedures, e.g. see March, J. Advanced 
Organic Chemistry; Reactions Mechanisms, and Structure, 4lh ed., 1992, p. 903, 
incorporated herein by reference. 
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Schtane 7: Synthesis of Com pounds of Formula L wherein is P 



5 




I 2 

Ii where n is 0 or 1 and R and R are H 

V- 



15 




I, where Ti is 0 or 1, R* is H, and R^ isF 27 

20 Scheme 7 shows one method to synthesize compounds of Formula I, wherein is 

F. A similar method is described m U.S. Patent No. 5,874,448, incorporated herein by 
reference. In the first step, compounds of Formula I, where R^ and R^ are H are fb:s^ 
protected with suitable nitrogen-protectmg groups (PC, PG?, and PGP) at the 
methyleneamino and glutarimide nitrogens, respectively, to give compounds 26. As used 

2^ herein, a "nitrogen protecting group" means a group that is reversibly attached to &e 

nitrog^ that renders the nitrogen moiety unreactive during a subsequent reaction(s) and that 
can be selectively cleaved to regenerate the original nitrogen moiety once its protecting 
purpose has been served. Examples of suitable protecting groups are found in Greene, 
T.W., Protective Groups in Organic Synthesis, 3rd edition 494-654 (1999), mcoiporated 

^0 herein by reference, and United States Patent No, 5,874,448, Preferably, the nitrogen- 
protecting group is stable in a basic reaction medium but can be cleaved by acid. 
Preferably, all of PG\ PG^, and PG^ protecting groups are fer^-butyloxycarbonyl, attached 
by treatment of compoxmds of Formula I, where R^ and R^ are H with in excess of 3 
equivalents of di-/err-butyl carbonate as described in United States Patent No. 5,874,448. 
The flubrination-reaction procedure, to give compounds 27, is described in detail in United 
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States Patent No. 5,874,448 and can be eflfected by treating deprotonated 26 with a variety 
of reagents, such as AT-fluorobenzenesulfonimide, perchloryl fluoride, or 
Mfluorobenzenedisulfonimide, Dq)rotonated 26 can be prepared by treatment of 26 with 
strong base, such as n-butyl Kthium, sodium to(trimethylsil)d)amide, sodium hydride, or 
lithium diisopropylamide. Deprotection of compounds 27 to give confounds I, where is 
H and is F is effected by standard procedures such as those described in Greene, T. W., 
Protective Groups in Organic Synthesis, 3rd edition 494-654 (1999) and United States 
Patent No, 5,874,448. 

Scheme 8: Synthesis of Compounds of Formula L wherein one of 
one of X and Y is and the other bCH^ 




compounds I, where n is 0 or 1 and one of X and Y is C=0 and the other is CH2 

Scheme 8 depicts convenient general synthetic methodology to prepare compoimds 
of Formula I, wherein one of X and Y is C=0 and the other is CHj (ie., compounds lA and 
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10 



15 



20 



IB). In compounds lA, the isoindolin-ring caibonyl is cir witb respect to the 
methyleneamino (n = 1) or the amino (n » 0) group, conversely, in compounds IB, the 
isoindolin-ring caibonyl is trans. In one convenient methods, compounds lA and IB can be 
prepared starting ftom compounds 28 or 29 respectively, for exanq)le, using the 
methodology described in WO 98/541 70, incorporated herein by reference. Compounds 28 
and compounds 29 are available commercially or readily available throu^ well-known 
synthetic methodology. For example, methyl-2-methyl-3-nittDbenzoate (29, where alkyi is 
methyl) is commerciaUy available from Aldrich Chemical Co., Mihvaukee, WL 
Compounds 28 and 29 are first brominated at the activated benzylic position with a 
brominating agent such as JV-bromosucdnimide under the mfluence of li^t or other radical 
initiator to yield methylbrpmo-compQunds 30. Exanplary brominating procedures are 
reviewed in March, J. Advanced Organic Chemistry; Reactions Mechanism, and Structure, 
4th ed., 1992. pp. 694-697, incorporated herein by reference. Compounds 30 are then 
converted into compounds 31 or 32 and thereafter to lA or IB by adapting the synthetic 
methods presented in Schemes 1 to 5 above, including standaixl cyclization with compomxds 
16. 

Scheme 9: Synthesis of Comp oimds of Formula L wherain R' is CTSMsTHP^ 

f 



25 




I, where n is 0 or 1 and is H I, where n is 0 or 1 and R 



IS 



Schane 9 shows one method to synthesize compounds of Formula I, wherein R' 
C(S)NHR'. A compound of Formula I, where R' is H reacts with isothiocyanates 28 under 
^ routine conditions to give a compounds I, where R' is C(0)NHR« The reaction is 
performed according to standard, well-known procedures, e.g. see Mardi, J. Advanced 
Organic Chemistry; Reactions Mechanisms, and Structure, 4th ed., 1992, p. 903, 
incorporated herein by reference. 
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Therapeutic Uses of Compounds or ^""i positioiig of the Invention 
In accordance with the invention, a compound or composition of the invention is 
administered to a mammal, preferably, a human, with or at risk of a disease or medical 
condition, for example, cancer, such as soUd tumors and blood-bom tumors. Specific 

5 examples of cancers treatable or preventable by administering compounds of the invention 
include, but are not limited to, cancers of the skin, such as melanoma; lymph node; breast; 
cervix; uterus; gastrointestinal tract; hing; ovary; prostate; colon; rectal; mouth; brain; head 
and neck; throat; testes; kidney; pancreas; boiie; spleen; Uver, bladder, larynx; nasal 
passages; and AIDS-related cancers. "The compounds are particularly useful for treating 

10 cancers of the blood and bone marrow, such as multiple myeloma and acute and chronic 
leukemias, for example, lymphoblastic, myelogenous. lympho<^c, and myelocytic 
leukemias. 

The compounds of the invention are also useful to treat orprevent heart disease, 
such as congestive heart failure, cardiomyopathy, pulmonary edema, endotoxin-mediated 

. 15 septic shock, acute viral myocarditis, cardiac allograft rejection, and myocardial infarction. 

The compounds of the invention can also be used to treat or prevent viral, genetic, 
inflammatory, allergic, and autoimmune diseases. For example, the compounds are useful 
to treat or prevent diseases including, but not limited to, HIV; hepatitis; adult respiratory 
distress syndrome; bone-resotption diseases; chronic puhnonary inflammatory diseases; 

20 dermatitis; cystic fibrosis; septic shock; sepsis; endotoxic shock; hemodynamic shock; 
sepsis syndrome; post ischemic r^erfiision injury; meningitis; psoriasis; fibrotic disease; 
cachexia; graft rejection; auto-immune disease; rheumatoid spondylitis; arthritic conditions, 
such as rheumatoid arthritis and osteoarthritis; osteoporosis, Crohn's disease; ulcerative 
coUtis; inflammatary-bowel disease; multiple sclerosis; systemic lupus erythrematosus; 

25 ENL in leprosj^ radiation damage; asthma; and hyperoxic alveolar injury. 

The compounds of the invention are also usefbl fiir tiieating or preventing bacterial 
infections including, but not limited to, malaria, mycobacterial infection, and opporbmistic 
infections resulting fiom HIV. 

In one embodiment, "treatmenf or "treating" refes to an amelioration of a disease 
30 or disorder, or at least one discernible symptom thereof In another embodiment, 
"treatinent" or 'treating" refers to an ameUoration of at least one measurable physical 
parameter, not necessarily discernible by the mammal In yet another embodunent, 
"ti-eatment" or "treating" refers to inhibiting tiie progression of a disease or disorder, either 
physically, e.g,, stabilization of a discernible symptom, physiologicaUy, eg., stabilization of 

35 
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a physical parameter, or both. In yet another embodiment, '•treatment'* or 'treating"' refers 
to delaying the onset of a disease or disorder. 

hi certain raibodiments, the compounds of the invention or the compositions of the 
invention are administered to a mammal, preferably, a human, as a prophylactic. As used 

5 herein, ''prevention" or "preventing" refers to a reduction of the risk of acquiring a given 
disease or disorder. In a preferred mode of the embodiment, the compounds and 
compositions of the present invention are administered as a preventative measure to a 
mammal, preferably, a human, having a genetic or non-genetic predisposition to a medical 
condition, for example, cancers, such as sohd tumors and blood-bom tumors. Specific 

10 examples of cancers preventable by compounds of the invention include, but are not limited 
to, cancers of the skin, such as melanoma; lymph node; breast; cervix; uterus; 
gastrointestinal tract; lung; ovary; prostate; colon; rectal; mouth; brain; head and neck; 
throat; testes; kidney; pancreas; bone; spleen; Uver, bladder; larynx; nasal passages; and 
AIDS-related cancers. The compounds are particularly useful for treating cancers of the 

1^ blood and bone marrow, such as multiple myeloma and acute and chronic leukemias, for 
example, lymphoblastic, myelogenous, lymphocytic, and myelocytic leukomas. 

The compounds of the invention are also useful for preventing heart disease, such as 
congestive heart &iluie, cardiomyopathy, pulmonary edema, endotoxin-mediated septic 
shock, acute viral myocarditis, cardiac allograft rejection, and myocardial infarction. 

20 The compounds of the invention can also be used to prevent viral, genetic, 

inflammatory, allergic, and autoimmune diseases. For example, the compounds are useful 
to prevent diseases including, but not limited to, HIV; hepatitis; adult respiratory distress 
syndrome; bone^resorption diseases; chronic pulmonary inflammatory diseases; dermatitis; 
cystic fibrosis; septic shock; sepsis; endotoxic shock; hmiodynamic shock; sepsis 

25 syndrome; post ischemic repCTfusion injvay; meningitis; psoriasis; fibrotic disease; 

cachexia; graft rejection; auto-immune disease; rheumatoid spondylitis; arthritic conditions, 
such as rheumatoid arthritis and osteoarthritis; osteoporosis, Crohn's disease; ulcerative 
colitis; inflanmiatory-bov^el disease; multiple sclerosis; systemic lupus erythrematosus; 
ENL in leprosy; radiation damage; asthma; and hyperoxic alveolar injury, 

30 The compounds of the invention are also useful for preventing bacterial mfections or 

symptoms including, but not limited to, malaria, mycobacterial infection, and opportunistic 
infections resulting firom HIV. 
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^- Therapentien'rftDhvlactk A rt ^p i pfetration »f Th«> Compoiind* 
Conmositio ns of The Tiiy i»ii»^fti^ 

Due to the activity of the compounds and compositions of the invention, tfaey are 
useful in veterinary and human medicine. The invention provides methods of treatment and 
5 prevention by administration of a therapeutically effective amount of a compound or a 
composition of the invention to a mammal, preferably, a human. The term ••mammal" as 
used herein, encompasses any mammal. Preferably a mammal is in need of such treatment 
or prevention. Examples of mammals include, but are not limited to, cows, horses, sheep, 
pigs, cats, dogs, mice, rats, rabbits, guinea pigs, monkeys, etc., more preferably, a human. 
10 Administration of compounds of the invention can be systemic or local. In most 

instances, administration to a mammal will result in systemic release of the compounds of 
the invention into the bloodstream). Methods of administration include enteral routes, 
such as oral, buccal, sublingual, and rectal; topical administration, such as transdemial and' 
intradermal; and parenteral administration. Suitable parenteral routes include injection via a 
15 hypodermic needle or catheter, for example, intravenous, intramuscular, subcutaneous, 
intradermal, intr^eritoneal, intraarterial, intraventricular, mtrathecal. and intracameral' 
injection and non-injection routes, such as intravaginal rectal, or nasal administration, 
Preferably, the compounds and compositions of the invention are administered oraUy! In 
specific embodiments, it may be desirable to administer one or more compounds of the 
20 inventionlocaUytotheareainneedoftreatment. This may be achieved, for example, by 
local infiision dming surgery, topical application, e.g., in conjunction with a wound dosing 
after surgay, by injection, by means of a catheter, by means of a suppository, or by means 
of an implant, said imphmt being of a porous, non-poious. or gelatinous material, including 
membranes, such as sialastic membranes, or fibers. 
25 The compounds of the invention can be administered via typical as well as non- 

standard delivery systems, e.g., encs^sulation m liposomes, microparticles, microcapsules, 
capsules, etc. For example, the compounds and compositions of the invention can be 
delivered in a vesicle, in particular a Uposome (see Langer, 1990, Science 242:1527-1533; 
Treat et aL, in Liposomes in JTierapy of Infectious Disease and Cancer, Lopez-Berestein ' 
30 and Fidler (eds.), liss. New York, pp. 353-365 (1989); Lopez-Berestein. ibid, pp. 317-327; 
see generaUy ibid.). In another example, the compounds and compositions of the invention 
can be deUvered in acontrolled release system In one embodiment, apump maybe used 
(see Langer, supra; Sefton, 1987, CRC Crit. Ref Biomed. Eng. 14:201; Buchwald et aL, 
1980, Surgery 88:507 Saudekera/., 1989, N. Engl. J. Med. 321:574). In another example, 
polymeric mataials can be used (^ee Medical AppUcations of ControUed Release, Langer 
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and Wise (eds.), CRC Press., Boca Raton, Florida (1974); Controlled Drug Bioavailabmty, 
Drag Product Design and Perfonnance, Smolen and Ball (eds.), Wiley, New Yoik (1984); 
Ranger and Peppas, 1983, J. Macromol. ScL Rev. Macromol. Chem. 23:61; see also Levy a 
al., 1985, Science 22g:190; Dviring etai, m9, Ann. Neurol. 25:351; Howard efa/., 1989, 
J. Neurosurg. 71 : 105). In still anotha: «xan^le, a controlled-release system can be placed 
in proximity of the target area to be treated, e.g., the liver, thus requiring only a fiaction of 
the systemic dose (see, e.g., Goodson, in Medical Applications of Controlled Rdease, 
supra, vol. 2, pp. 115-138 (1984)). Other controlled-release systems discussed in the 
review by Langer, 1990, Science 249:1527-1533) can be used. 

Whai administered as a composition, a compound of the invention will be 
formulated with a suitable amount of a pharmaceutically acceptable .vehicle or caria so as 
to provide the form for proper administration to the mammal. The term "pharmaceutically 
acceptable" means approved by a regulatory agency of the Federal or a state government or 
listed m the U.S. Pharmacopeia or other generally recognized pharmacopeia for use in 
mammals, and more particularly in humans. The term "vehicle" refers to a diluent, 
adjuvant, excipient, or carrier with which a confound of the invention is formulated for 
administration to a mammal. Such pharmaceutical vehicles can be liquids, such as water 
and oils, including those of petroleum, animal, vegetable or synthetic origin, such as peanut 
oil, soybean oil, mineral oil, sesame oil and the like. The pharmaceutical vehicles can be 
saline, gum acacia, gelatin, starch paste, talc, keratin, colloidal silica, urea, and the like. In 
addition, auxiliary, stabilizing, thickening, lubricating and coloring agents may be used. 
Preferably, when administered to a mammal, the conq>ound8 and con^ositions of the 
invOTtion and pharmaceutically acceptable vehicles, excipients, or diluents are stacile. An 
aqueous medium is a preferred vehicle when the conq>ound of the invention is admmisteted 
intravenously, such as water, saline solutions, and aqueous dextrose and glycaol solutions. 

The present compounds and compositions can take flie form of capsules, tablets, 
piUs, pellets, lozenges, powdas, granules, syrtq)s, elixirs, solutions, suspensions, emidsions, 
suppositories, or sustained-release formulations thareof, or any other fomi suitable for 
administration to a mammal. In a preferred embodiment, the compounds and compositions 
of the invention are formulated for administration in accordance with routine procedures as 
a phannaceutical composition adapted for oral or intravenous administration to humans. Jn 
one embodimeait, the pharmaceutically acceptable vehicle is a hard gelatin c^sUle. 
Examples of suitable pharmaceutical vehicles and methods for formulation thereof are 
described in Remington: The Science and Practice of Pharmacy, Alfonso R. Gennaro ed.. 
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Mack PubUshing Co. Easton, PA, 19th ed, 1995. Chapters 86, 87, 88, 91, and 92, 
incorporated herein by reference. 

Compounds and compositions of the mvention formulated for oral delivery, are 
preferably in the form of capsules, tablets, pills, or any compressed pharmaceutical form. 
5 Moreover, where in tablet or pill form, the compoimds and compositions may be coated to 
delay disintegration and absorption in the gastrointestinal tract thereby providing a sustained 
action over an extended period of time. Selectively permeable membranes surrounding an 
osmotically active driving compound are also suitable for orally administered compounds 
and compositions of the invention. In these later platforms, fluid from the environment 
10 surrounding the capsule is imbibed by the driving compound that swells to displace the 
agent or agent composition through an aperture. These delivery platfontns can provide an 
essentially zero order dehVery profile as opposed to the spiked profiles of immediate release 
formulations. A time delay material such as glycerol monostearate or glycerol stearate may 
also be used. Oral compositions can include standard vehicles, excipients, and diluents, 

15 such as magnesium stearate, sodium saccharine, ceUulose,inagnesium carbonate, 1^^ 
dextrose, sucrose, sorbitol, mannitol, starch, gum acacia, calcium silicate, microcrystalline 
cellulose, polyvinylpyrrolidinone, water, syrup, and mettiyl cellulose, the formulations can 
additionally include lubricating agents, such as talc, magnesium stearate, mineral oil, 
wetting agents, emulsi:^g and suspending agents, preserving agents such as methyl- and 

20 propylhydfoxybenzoates. Such vehicles are preferably of pharmaceutical grade. Orally 
administered compounds and compositions of the invention can optionally iiiclude one or 
more sweetening agents, such as fructose, aspartame or saccharin; one or more flavoring 
agents such as peppermint, oil of wintergreen, or chertj^ or one or more coloring agents to 
provide a pharmaceutically palatable preparation. 

25 A therapeutically effective dosage regunen for the treatment of a particular disorder 

or condition will depend on its nature and severity, and can be determined by standard 
clinical techniques according to the judgment of a medical practitioner, hi addition, in vitro 
or in vivo assays can be used to help identify optimal dosages. Of course, the amount of a 
compound of the invention that constitutes a therapeutically effective dose also depends on 

30 the administration route. In general, suitable dosage ranges for oral administration are about 
0.001 milligrams to about 20 milligrams of a compound of the mvention per kilogram body 
weight per day, preferably, about 0.7 milligrams to about 6 milligrams, more preferably, 
about 1 .5 milligrams to about 4.5 milligrams. In a preferred embodiment, a mammal, 
preferably, a human is orally administered about 0.01 mg to about 1000 mg of a compound 

35 of the invention per day, more preferably, about 0.1 mg to about 300 mg per day, or about 1 
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mg to about 250 mg in single or divided doses. The dosage amounts described herein refer 
to total amounts admimstered; that is, if more than one compound of the invention is 
administered, the preferred dosages correspond to the total amount of the compounds of the 
invention administered. Oral compositions preferably contain 10% to 95% of a compound 
5 of the invention by weight Preferred unit oral-dosage forms include pills, tablets, and 
capsules, more preferably capsules. Typically such unit-dosage forms will contain about 
0.01 mg, 0.1 mg, 1 mg, 5 mg, 10 mg, 15 mg, 20 mg, 50 mg, 100 mg, 250 mg, or 500 mg of 
a compound of the invention, pref^ably, from about 5 mg to about 200 mg of compound 
per unit dosage. 

10 In another embodiment, the compounds and compositions of the invention can be 

administered parenterally (e.g., by intramuscular, intrathecal, intravenous, and intraarterial 
routes), preferably, intravenously. Typically, compounds and .compositions of the invention 
for intravenous administration are solutions in sterile isotonic aqueous vehicles, such as 
water, saline. Ringer's solution, or dextrose solution. Where necessary, the compositions 

15 may also include a solubilizing agent. Compositions for intravenous administration may 
optionally include a local anesthetic such as lignocaine to ease pain at the site of the 
injection. For intravenous administration, the compounds and compositions of the 
invention can be si^plied as a sterile, dry lyophilized powder or water-free concentrate in a 
hOT:netically sealed contain^:, such as an ampule or sachette, the container indicating the 

20 quantity of active agent. Such a powder or concentrate is then diluted with an appropriate 
aqueous medium prior to intravenous administratioiL An ampule of sterile water, saline 
solution, or other impropriate aqueous medium can be provided with the powd^ or 
concentrate for dilution prior to administration. Or the compositions can be supplied in pre- 
mixed form, ready for administration. Where a compound or composition of flie invention 

2^ is to be admimstered by intrav^ous infusion, it can be disp^ed, fi)r example, wifli an 
infusion bottle containing sterile pharmaceutical-grade water, salme, or other suitable 
medium. 

Rectal admimstration can be effected through the use of suppositories formulated 
firom conventional carriers such as cocoa butter, modified vegetable oils, and other fatty 
30 bases. Suppositories can be formulated by well-known methods using well-known 

formulations, for example see Remington: The Science and Practice of Pharmacy ^ Alfonso 
R. Gennaro ed.. Mack Publishing Co. Easton, PA, 19th ed., 1995, pp. 1591-1597, 
incorporated herein by reference 

To formulate and administer topical dosage forms, well-known transdermal and 
35 intradermal delivery mediums such as lotions, creams, and ointments and transdermal 
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delivery devices such as patches can be used (Ghosh, T.K.; Pfister, WJL; Yum, S.L 
Transdermal and Topical Drug Delivery System, Interphann Press, Inc. p. 249-297, 
incorporated herein by reference). For example, a reservoir type patch design can comprise 
a backing fihn coated with an adhesive, and a reservoir compartment comprising a 

5 compound or composition of the invention, that is separated from the skin by a 

semipenneable membrane (e^., U.S. Patent 4,615.699, incorporated herein by reference). 
The adhesive coated backing layer extends around the reservoir's boundaries to provide a 
concentric seal with the ddn and hold the reservoir acyacwit to the skin. 

The invention also provides pharmaceutical packs or kits comprising one or more 

10 containers filled with one or more compounds of Reinvention. OptionaUy associated with 
such container(s) can be a notice in flie fiarm prescribed by a governmental agency 
regulating the manufacture, use or sale of pharmaceuticals orbiological products, which 
notice reflects approval by the agency of manufacture, use or sale for human administration. 
In one embodiment, the kit contains more than one compound of the invention. In another 

15 embodiment, the kit comprises a compound of the invention and another biologically active 
agent. 

The compounds of the invention are preferably assayed in vitro and in vivo, for the 
desired therapeutic or prophylactic activity, prior to use in humans. For example, in vitro 
assays can be used to determine whether administration of a specific compound of the 
20 invention or a combination ofcompoundsofthe invention is preferred. The compounds 
and compositions of the invention may also be demonstrated to be effective and safe using 
animal model systems. Other methods wiU be known to the skilled artisan and are wifliin 
the scope of the invention. 

^ 8.1 Comhinaffon Therapy 

In certain embodiments, a conrpound of tiie invention is administered to a mammal, 
preferably, a human concunentiy with one or more other biologically active agents, or with 
one or more other compounds of the invention, or with botii. By "concurrently" it is meant 
fliat a compound of the mvention and the other agent are administered to a mammal in a 

30 sequence and wifliin a time mterval such tiiat the compound ofthe invention can act 

togetiier witii the other agent to provide an increased or synergistic benefit flum if fliey were 
administered otherwise. For example, each component may be administered at flie same 
time or sequentially in any order at different points in time; however, if not administered at 
tiie same time, they should be administered sufScientiy closely in time so as to provide the 

35 desired treatinent effect. Preferably. aU components are admmistered at flie same time, and 
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if not administered at the same time, preferably, they are all administered fix)m about 6 
hours to about 12 hours apart from one another. 

When used in combination with other therapeutic agents, the compounds of the 
invention and the therapeutic agent can act additively or, more preferably, synergistically. 

^ In one embodiment, a compound or a composition of the invention is administered 
concurrently with another therapeutic agent in the same pharmaceutical composition. In 
another embodiment, a compound or a composition of the invention is administered 
concurrently with another therapeutic agent in separate pharmaceutical compositions. In 
still another embodiment, a compound or a composition of the invention is administered 

10 prior or subsequent to administration of another therapeutic agent As many of the disorders 
for which the compoimds and compositions of the iavention are useful in treating are 
chronic disorders, in one embodiment combination therapy involves alternating between 
administering a compound or a composition of the invention and a pharmaceutical 
composition comprising another therapeutic agent, to niimmize the toxicity associated 

15 with a particular drug. In certain embodiments, when a composition of the invention is 
administered concurrently with another therapeutic agent that potentially produces adverse 
side effects including, but not limited to toxicity, the therapeutic agent can advantageously 
be administered at a dose that falls below the threshold that the adverse side effect is 
elicited. 

20 The present compounds and compositions can be administa:ed together with 

hormonal and steroidal anti-inflammatory agents, such as, estradiol, conjugated estrogens 
(e.g., PREMARIN, PRK/DPRO, AND PREMPHASE), 17 beta estradiol, calcitonin-sahnon, 
levothyroxine, dexamethasone» medroxyprogesterone, prednisone, cortisone, flunisolide, 
and hydrocortisone; non-steroidal anti-inflammatory agents, such as tramadol, fentanyl, 

25 metamizole, ketoprofen, naproxen, nabumetone, ketoralac, tromefhamine, loxoprofen, 
ibuprofra, aspirin, and acetaminophen; anti-TNF-a antibodies, such as infliYiniah 
CEiEMICADET^ and etanercept (ENBRH.™); AIDS and AIDS-related therapies, such as 
lamivudine, zidovudine, indinavir sulfate, stavudine, and lamivudine; chemotherapeutics 
and cancer-related therapies, such as anti-angiogenesis agents, topoisomerase inhibitors, 

30 alkylating agents, nitrogen mustards, antibiotics such as doxorubicin, and paclitaxel, 

cisplatin, tamoxifen, docetaxel, irinotecan, temozolomide, thalidomide, amino-thalidomide, 
amino-EM-12, epirubicin, leuprolide, bicalutamide, goserelin implant, gemcitabine, 
sargramostim anti-cancer antibodies, such as Rituxan, and anti-cancer vaccines, such as 
Theratope and HSPPC-96; antibiotics, such as amoxicillin, ampicillin sodium, cefaclor, and 

35 ciprofloxacin; deimatological therapeutics, such as isotretinoin, clindamycin phosphate 
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topical; antiaithritic therapies, such as diclofenac sodium, nabumetone, misoprostol, and 
rofecoxib; immunosuppressive therapies, such as cyclosporine, FK506, mycophenolate 
mofetil, and melhylprednisolone; multiple sclerosis therapies, such as interferon beta-la, 
interferon beta-lb, and glatiramer, osteoporosis therjq)ies, such as vitamin Kjj cystic fibrosis 
5 therapies, such as doraase alpha and tobramycin; and Alzheimer's disease therapies, such as 
dolasetron mesylate, and donqpezil hydrochloride. 

hi one embodiment of flie invoition, the compounds of flie mvention can be used, 
not only to directly treat the disorder, but also to reduce the dose or toxicity of another 
chemotharapeutic. For example, the conq)Ounds of the invention can be administered to 

10 reduce gastrointestinal toxicity associated wifli a topoisqmerase inhibitor, such as 
irinotecan. 

8^ Assays 

The compounds of the invention can be assayed for their ability to modulate the 
15 production ofTNF-a by well-known methods in the art. fee e.g.. Corral effl/., 1999,^: 
Immun. 1^1:380-386 and Muller et al., 1996, J. Med. Chem. 32:3238 (assay for the 
inhibition of production of TNF-a) and Muller et al, 1998, Bioorg. Med. Chem. Lett. 
8:2669, all fliree of which citations are incorporated herein by reference. 

20 8.2.1 Assay For T he Ability of a Comnonnd of Hie Invention to 

Modulate the Production of TNF-« 
PBMC cells — nomial human donors— were obtained by FiooU-Hypaque density 
centrifiigation (Pharmacia Fme Oiemicalsi Piscataway, NJ). The cells (about 2 x 10* to 10* 
cells/ml) are cultured with RPMI (commercially available, e.g., from Gibco Laboratories, 

25 Grand Island, NY) supplemented witti 10AB+ serum (commerciaUy available, e.g., ftom 
Biocell, Rancho Dominguez, CA), about 2 mM L-glutamine, about 100 UAnl penicillin, and 
about ICQ ng/ml streptomycin (Gibco). The test compounds are dissolved in DMSO at 20 
mg/ml, further dilution can be done with culture medium. The final DMSO concentration 
in all samples including the controls should be about 0.25% by weight. Test compounds 

30 were added to cells 1 hourprior to the addition of LPS. The PBMC cells, m tripUcate, ate 
stimulated by 1 ng/ml LPS from Salmonella Minnesota R595 (List Biological Labs, 
Campbell, CA) and incubated for about 18 to about 20 hours at 37 »C (5% COj) in 96-well 
flat-bottom pol>^tyrene Costar tissue cultare plates (Coming, Coming, NY) for the 
induction of TNF-a. Cells are incubated with or without compounds of the invention 

35 (negative controls). The supematants are collected for the determination of cytokine levels 
by ELISA (Endogen, Cambridge, MA). Percent inhibition can be determined as 100 x [l - 
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(TNF-a experimental/ TNF-a control)]. Assays are pofonned, in accordance with the 
assay kit's manufacturer, in 96-well plates (Nunc Immunoplates, Roskilde, Denmark) 
coated with the afiSnity-purified rabbit anti-TNF-a antibody (0.5 jig/ml; 12-16 hours; 4 
and blocked for 2 hours at room temperature with PBS/0.05% Tween 20 (Sigma Chemical 

5 Co., St. Louis, Mo.) containing 5 mg/ml BS A. After washmg, 100 |il of TNF-a standards, 
samples and controls are applied to the wells, and the plates are incubated for 12-24 hours at 
4 *C. After the incubation, plates are washed and a second antibody, horseradish peroxidase 
(HRP)^onjugated mouse monoclonal anti-TNF-a, diluted 1*2,000 in PBS/BSA/Tween, is 
applied to the wells, after which they incubated for 2 hours at room temperature. The color 

10 reaction is developed with the OPD substrate (0.4 mg/ml o-phenylenediamine [Sigma 
Chemical Co.] in 24 mM citric acid, 51 mM sodium phosphate, pH 5,0 [phospjmte-citrate 
buffer: Sigma Chemical Co.] containing 0.012% hydrogen peroxide [Fisher Scientific Co., 
Pittsburgh, PA.]) and absorbance read at 492 nm in an automated EUSA reader (Dynatech 
Laboratories, Inc., Alexandria, Va.). 

15 • 

8.2.2 Assay For T-Cell Stimulation and IL-2 Stimulation: 
PMC Stimulation bv Aiiti-CD3 Ah 
PBMC(1 X 10^ cells) are stimulated by cross-linking oftheTCR by immobilized 
monoclonal mouse anti-human CDS (Orflioclone 0KT3) as described in Haslett et al, 
20 1998,/ £j5p.Merf. 187:1885, incorporatedherem by refe^^ The anti-CD3 Ab is diluted 
to 10 ng/^ml m 100 ^1 PBS and coated onto 48-well flat-bottom polystyrrae Falcon tissue 
culture plates (Becton Dickinson, Franklyn Lakes, NJ) by overnight incubation at 4'*C. 
^propriate dilutions of compounds of the mvention are added at the start of the cell 
culture. Supematants are collected at 24, .43, and 72 hours and assayed for TNF-a levels. 
25 Cells are collected at 48 hours for evaluation of CD40 ligand (CD40Ly and CD3 surfece 
expression by two-color flow cytometry (anti-CD40L, PharMingen, San Diego, CA; anti- 
CD3, Becton Dickinson, San Jose, CA). 

Assay For t he Modulation of Production of IL-lp and EL-IO 
'0 This assay can be performed according to the procedure outlined in Muller eL al, 

1999, J. Immunol 176, 380, hereby expressly incorporated herein by reference. 
PAfflC (2 X 10^ cells) incubated in 96-weD flat-bottom polystyrene Cot^ot tissue culture 
plates (Coming, Coming, NY) were stimulated by 1 mg/ml LPS from SahnoneUa minnesota 
R595 (List Biological Labs, CampbeU, CA) for the induction of JDL-ip, and EL-IO. Cells 
^5 were incubated with or wifliout thalidomide or analogues for 20 h, and culture supematante 
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were collected and frozen immediately at - 70 *C until assayed in triplicate or duplicate. IL- 
Ip and IL-10 levels were measured by EUSA (Endogen, Cambridge, MA) as described by 
the manufacturer. 

9. Examples of Syntheses of Compounds of the Invention 

The following Examples &afhssc illustrate methods for synthesizmg compounds and 
interaiediates of the invention. It is to be understood that the invention is not limited to flie 
specific details of the Examples set forth below. 



Metfavl-3-aniino-2-fmethoxvcarbonvnbenzoate 




To a solution of methyl-2-(methoxycarbonyl)-3-nitrobenzoate (23.8 g, 99.51 mmol) 
in ethyl acetate (200 ml) was added 10% Pd/C (1.8 g). The mixture was hydrogenated 
under 50 psi of hydrogen for 3 hours in a Parr Type Shaker, The mixture was filtered 
through Celite and the filtrate was concentrated in vacuo to yield an oil. The crude product 
was purified by flash chromatogr^hy (dichloromethane/ethyl acetate 95 to 5) to afford 18.1 
g (87%) of the product as a brown oil: *H NMR (CDCI3) 5 7.22 (t, J=7.6 Hz, IH), 6.90 (d, 
J=7,2 Hz, IH), 6.79 (d, J-8.7 Hz), 5.07 (b, 2H), 3.85 (s, 3H), 3.83 (s, 3H). 

Methvl-3-cv ano-2-faiethoxvcarbonvnbenzQate 



30 




To a stirred suspension of methyl-3-amino-2-(methoxycarbonyl)benzoate (17.0 g, 81 
mmol) in a mixture of concentrated HCl (44 ml) and water (440 ml) at 4 **C was added a 
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solution of NaNOj (6.73 g. 97 mmol) in water (25 ml) dropwise at 4-5 "C. Stirring was 
continued for 30 min at 4 "C . The mixture was then carefoUy neutralized with sat sodium 
carbonate to pH 6. A stinred sohition of CuCN (9.46 g, 105 mmol) and KCN (6.38 g, 105 
mmol) in water (150 ml) was warmed to 60 'C. The cold neutralized diazonium solution 
5 was then added in smaU portions at a time with vigorous stirring. The mixture was stirred 
at 60 T fori hour and then cooled to room tenq)erature. The mixture was extracted with 

dicMoromethane (4 X 150 ml) and flie rombined dicMoromethane extracts were washed 
with water (2 x lOO ml), brine (100 ml) and dried. Ihe solvent was removed in vacuo and 
ttie product was purified by chromatography (dichloromefliane) to afford 12.36 g (65%) of 
10 the product as a light yellow solid: 1 H NMR (CDCI3) 5 8.19 (d, J«7.9 Hz. IH). 7.89 (d. 
J=7.4 Hz. IH), 7.64 (t. J=8.0 Hz. IH), 4.03 (s, 3H), 3.94(s, 3H). 

Methvl-3-aminomethvl-?,-rmetboxvta1^^nnY^)benzQatehvdmnWnr;H« 



15 



HCl H2N, 




20 



To a solution of methyl-3-cyano-2-(methoxycarbonyl)benzoate (12.3 g, 57 mmol) in 
methanol (250 ml) and 4N HCI (40 ml) was added 10% Pd/C (1.2 g). The mixture was 
hydrogenated under 50 psi of hydrogen in a Parr Type Shaker for 1 7 hours. The mixture 
was filtered through CeKte and the filtrate was concentrated in vacuo. The residue was 
further evaporated with elhanol (2 x 25 ml) and toluene (25 ml) and dried under vacuum. 
25 The resulting soKd was slurried in efeer (50 ml) for 1 hour. The slurry was then filtered and 
dried to give 13.46 g (90%) of Ifae product as a white soKd: 'RNMR (DMSO-rf^ 6 8 79 (b 
2H), 7.94 (d, J=7.8 Hz. IH). 7.88 (d, J-7.7 Hz. IK), 7.72 (t. J-7.7 Hz. IH). 4.03 (s. 2H). ' 
3.86 (s. 3H). 3.85 (s. 3H); »C NMR (DMSCW^ 8 167.58, 166.12, 133.41, 133.18. 132 28 
130.62,129.49,52.99.52.92,39.25. 

30 



35 
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Metfavl-3-rft"butoxvcaibonvlammoWethvl]-2-fmethoxvc 



5 




10 Triefhylamine (3.89 38 mmol) vras added dropwise to a stixred susp^ion of 

methyl-3-amiiiomethyl-2-(metiiQxy hydrodilQiide (4.0 & 15 mniDl^ in 

dichloromethane(lOOinl). The mixture was cooled in an ice bath to 8 A solution of di- 
t-butyl dicarbonate (3,7 g, 16 mmol) in dichloromethane (20 ml) was added dropwise at 8 
^'C. After the addition was complete, the cooled mixture was stirred for an additional 30 

15 minutes, and then warmed to room temperature for 1 hour. The mixture was washed with 
water (2 x 40 ml), brine (40 ml) and dried. Solvent was removed in vacuo and the product 
was purified by chromatography (hexane/ethyl acetate 7 to 3) to afford 4.66 g (93%) of the 
product as an oil: NMR (CDCI3) 5 7.87 (d, J=7.4.Hz, IH), 7.62 (d, J=7.4 Hz, IH), 7.46 
(t, J=7.8 Hz, IH), 5.16 (b, IH), 4.30 (d, J=6.1 Hz, 2H), 3.93 (s, 3H), 3.89 (s, 3H), 1.42 (s, 

20 9H); ^^C NMR (CDCI3) 5 169.41, 166.18, 155,57, 137.09, 134.04, 133.32, 129.76, 128.95, 
128.64, 79.52, 52.72, 52.50, 42.23. 

|'2>f2,6-Dioxo-piperidin-3-vlV13-dioxO"23-dihvdro-li!f-isoindol«4-vhnethvll-carb 
acid ^er^butvl est^ M 



30 




Diisopropylethylamine (3.20 g, 25 mmol) was added to a stirred suspension of 
methyl-3-[(^butoxycaIbonylamino)methyl]-2-(methoxycarbonyl)benzoate (8.00 g, 25 
mmol) and aminoglutarimide hydrochloride (4.07 g, 25 mmol) in DMF (60 ml). The 
35 mixture was heated to 120 "C for 24 hours and then cooled to room temperature. The 
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mixture was pouied into cold water (300 ml) and extracted with ethyl acetate (4x100 ml 
each). The combined ethyl acetate extracts were washed wi& water (2 x SO ml), brine (SO 
ml) and dried. Solvent was mnoved in vaaw and the product purified by flash 
chromatography (dichloromethane/ethyl acetate 8 to 2) to yield 4.66 g of recovered starting 

5 material and 3.31 g (82%) of the product as a white solid: mp 180-182 "C; 'H NMR 

(CDClj) 6 8.S1 (s, IH). 7.81-7.67 (m, 3H), S.S4 (b, IH), 5.03-4.96 (dd, J=5.2 and 11.2 Hz, 
IH), 4.66 (d, J=6.3 Hz, 2H), 2.95-2.74 (m, 3H), 2.18-2.14 (m, IH), 1.43 (s, 9H); "C NMR 
(CDa3)8 170.99, 168.08, 167.95, 167.07, 155.86, 139.17, 135.00, 134.61, 132.15, 12822, 
122.82, 79.81, 49.21, 40.53, 31.33, 28,32, 22.58; Anal. Calcd for C^HuNaOj: C, 58.91; H, 

10 5.46; N, 10.85. Found: C, 59.08; H, 5.51; N, 10.69. 

4-(Ar pinnmf5thvlV2-f2.6-dioxof3-piperidvnMsoiiMioline-1.3-dio neI-2.hvdrochl^ 



HCl H2N 

H 

20 

A solution of 4 N HCl in dioxane (10 ml) was added to a stirred solution of (/- 
butoxy)-iV^{[2-(2,6-dioxo(3-piperidyl))-l,3-dioxoisoindolin-4-yl]methyl}caiboxamide(3.3 
g, 8.5 nunol) in dichloromediane (50 ml). The mixture was stirred at room tenqpoature 

25 overnight The resulting slurry was filtered and dried to afford 2.4 g (87%) of the product 
as a white soUd: mp 291-293 »C; 'H NMR pMSO-rf^ 5 1 1 .18 (s, IH), 8.77 (b, 2H), 8.06- 
7.93 (m, 3H), 5.22-5.15 (dd, J=5.1 and 12.6 Hz, IH), 4.49 (s, 2H), 2.97-2.85 (m, IH). 2.65- 
2.51 (m, 2H), 2.08-2.04 (m, IH); »CNMR(DMSO-rf«) 6 172.86, 169.76, 167.35, 166.71. 
135.62, 134.98. 132.80. 131.46. 128.62. 123.57. 49.00, 37.00, 30.95, 22.07; AnaL Calcd Sac 

30 C,4H,«N304a + 0.22waten C, 5131; H, 4.44; N, 12182; CI, 10.82. Found: C, 51.08; H, 
436; N, 12.47; 01, 10.61. 




35 
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3-f AcetvlaminQ-methvlVpht faalic aciri ^ti^ii^ t W^ nt?T 



5 




Triethylamine (1 .87 g, 1 8 mmol) was added slowly to a stirred suspension of 
methyl-3-(ainmomethyl)-2-{methoxycarbonyl)ben2oate hydrodiloride (2.0 g, 8 mmol) in 
dichloromethane (30 ml). The resulting mixture was cooled in aaice hath to 4 Acetyl 
chloride (0.73 g, 9 mmol) was added dropwise at a rate such that the temperature stayed 
between 4-7 'C. After addition was complete, tihe mixture was stirred in the ice bath for an 
additional 30 minutes and then allowed to warm to room temperature and maintained for 2 
hours. The reaction mixture was washed with water (2 x 30 ml), brine (30 ml) and dried. 
Solvoit was removed in vacuo and the product was purified by chromatography 
(dichloromethane/ethyl acetate 6 to 4) to afford 1.65 g (80%) of the product as an oil: 'H 
NMR ( CDCI3) 5 7.86 (d. J=7.7 Hz. IH). 7.62 (d, J=7.6 Hz); 7.46 (t. J=7.7 Hz); 6.29 (b. 
IH), 4.39 (d, J=6.1 Hz. 2H), 3.93 (s,.3H). 3.90 (s, 3H). 1.96 (s, 3H). 

N-r2-f2,6-Dioxo-piperidin-3-vlV1.3-dioxo -2.3-dihvdrn-1g-isoindQl-4-vlmethvl] -ar.^^^ 



25 



30 




l,8-Diazabicyclo[5,4,0]undec-7-ene (0.93 g, 6 namol) was added diopwise to a 
stirred suspension of 3-(acetyIamino-methyl)-phthaUc acid dimefliyl ester (1.61 g, 6.0 
mmol) and aminoglutarimide hydrochloride (1.0 g, 6.0 mmol) inDMF (15 ml). The 
mixture was then heated to 120 »C for 24 horns. The cooled mixture was concentrated 
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vacuo and the residue was stirred with water (25 ml) and dichloromethane (20 ml). The 
resulting slurry was filtered to give 0.45 g (22%) of the product as a gray solid. 
Recrystallization fixMn methanol gave a white solid: mp 177-179 "*C; 'HNMRpMSO-rf^S 
( 11.02 (s. IH), 8.36 (t, J=5.8 Hz, IH). 7.74-7.55 (m, 3H), 5.05-4.98 (dd, J=5.3 and 12.5 Hz, 
IH). 4.57 9D, j=5.9 Hz, 2H), 2.84-2.70 (m, IH), 2.51-2.34 (m, 2H). 1.95-1.91 (m. IH), 1.79 
(s, 3H); "C NMR (UMSO-df) 5 ( 172.85, 169.89, 169.81, 167.56, 167.05, 139.37, 134.83, 
133.35, 131.58, 127.14, 121.94,48.91, 37.84, 30.98, 22.54, 22.05; Anal. Calcd. For 
CjsHijNjOj + 0.96 water: C, 55.45; H, 4.92; N, 12.12. Found: C, 55.27; H, 4.82; N, 12.00. 

Methvl-3-rfcvcloDronv1carhonvlamiTin'>Tnqthvl1-2-fTnetTi oxvcarbonvlftenzoate 



15 




Triethylamine (1.87 g, 18 mmol) was added dropwise to a stirred suspoision of metti}d-3- 
(aminometliyl)-2-(mettioxycaibonyl)benzoate hydrochloride (2.0 g, 7 mmol) in 
dichloromethane (40 ml). The mixture was cooled in an ice hadi to 4 "C. 
Cyclopropj4carbonyl chloride (0.99 g, 9 mmol) was added slowly at 4-8 'C. Aflffl- addition, 
flie mixture was stirred in ice bath for 30 min and then warmed to room tenqiraature for 2 
hours. The mixture was washed with water (2 x 30 ml), brine (30 ml) and dried. Solvent 
was removed in vacuo and the product was purified by flash chromatography 
(dichloromethane/ethyl acetate 9 to 1) to give 2.1 g (93 %) of the product as a white solid : 
'H NMR ( CDCI3) ( 7.87 (d, J=7.8 Hz. IH), 7.63 (d, 1=^.7 Hz. IH), 7.46 (t, J=7.77 Hz, IH), 
6.31 (m, IH), 4.43 (d, J=6.0 Hz, 2H), 3.95 (s. 3H), 3.90 (s, 3H), 1.36-1.29 (m. IH), 0.99- 
0.93 (m, 2H). 0.76-0.69 (m, 2H). 
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^■ |p.f'?f^Dioxnfi-|Mperidvn-1. 3 -HioyoiMmdc>lm-4-vllTneth^ 



5 




Diisopropylethylamine (0.92.g, 7 tnmol) was added to a stirred suspension of 
methyl-3-[(cyclopropylcarbonylainino)methyl]-2-(methoxycarbonyl)benzoate (2.08 g, 7 
mmol) and aminoglutaiimide hydrochloride (1.17 g, 7 nimol) in DMF (15 ml). The 
15 mixture was heated to 120 »C for 24 hours. The mixture was concentrated in vacuo and the 
residue was stirred with water (40 ml) and ethyl acetate (15 ml). The resulting slurry was 
filtered to give 0.7 g (27%) of the product as a gray soUd. Recrystallization for methanol 
gave a white solid: mp 240-242 'C; >HNMR(DMSarf4) 6 11 06 (s, IH), 8.62 (t. J=5.8 Hz. 
IH), 7.79-7.70 (m, 2H), 7.60 (d, J=7.2H2, IH), 5.09-5.02 (dd, J=5.3 and 12.5 Hz, IH), 
20 4.65 (d. J=5.8 Hz, 2H), 2.83-2.73 (m. IH), 2.54-2.41 (m. 2H>, 1.99-1.94 (m, IH), 1.57 (m, 
IH), 0.62-0.60 (m. 4H); "CNMR (DMSO-d^) 5 173.21, 172.85, 169.90, 167.52, 167.01, 
139.44, 134.85, 133.37, 131.57, 127.13, 121.94, 48.89, 37.82. 30.97, 22.03. 13.58, 6.52; 
AnaL Calcd. For C,^„NA-- C. 60.84; H, 4.82; N, 11 .82. Found: C, 60.46; H, 4.84; N, 
11.65. 

25 
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Triethylamine (1,57 g, 18.5 mmol) was added to a stirred suspension of methyl-3- 
(aminomethyl)-2-(methoxycarbonyl)benzoate hydrochloride (2.0 g, 8 nrniol) in 
dichloromethane (30 ml). The mixture was cooled in an ice bath to 4 **C. Ethyl 
chlorofoimate (1.0 g, 9 mmol) was added slowly keepmg the mixture at 4-6 "^C. After 

5 addition was complete, the mixture was stirred in an ice bath for 30 minutes and then 

wanned to room temperature for 2 hours. The mixture was washed with water (2 x 30 ml), 
brine (30 ml) and dried. Solvent was removed in vacuo and the residue was purified by 
flash chromatography (dichloromethane/ethyl acetate 95 to 5) to give 1.59 g (70%) of the 
product as an oil: 'H NMR (CDCI3) 5 7.87 (d, J=7.8 Hz, IH), 7.36 (d, J=7.6 Hz, IH), 7.46 

10 (t, J=7.7 Hz, IH), 5.30 (b, IH), 4.32 (d. J=6.3 Hz, 2H), 4.12 (q, J=7.0 Hz, 2H), 3.93 (s, 3H), 
3.89 (s, 3H), 1.22 (t, J=7.2 Hz, 3H). 

« 

r2-r2.6-Dioxo-piDeridin-3-vlV1.3- diox()-23-dihvdro-lH-isoindol-4-vlmethAd1-c^ 
acid eflivl esto: I-S 

15 



20 




l,8-Diazabicyclo[5,4,0]undeo-7-CTie (0.8 g, 5 mmol) was added to a stirred 
suspensicmofmetfayl-3-[(ellioxycaibonyIan±io)metbyl]-2-(methoxyc^^ 
25 (1 .54 g, 5 mmol) and aminoglutarimide hydrochloride (0.86 g, 5 mmol) in DMF (15 mQ. 
The mixture was heated to .120 "C for 24 hours. . The mixture was cooled to room 
temperature and poured into water (1 50 ml). The mixture was extracted with ethyl acetate 
(3 X 30 ml) and Ihe.efliyl acetate solution was washed with water (30 ml), brine (30 ml) and 
dried. Solvent was removed and the residue was purified by flash chromatogr^hy 
30 (dichloromethane/ethyl acetate 7 to 3) to give 0.84 g (45%) of the product as a white solid : 
mp 187-189 "C; 'H NMR (DMSO-rf^) 5 11.03 (s, IH), 7.76-7.58 (m, 4H), 5.06-4.99 (dd, 
J=5.4 and 12.6 Hz, IH), 4.52 (d, J=5.9 Hz, 2H), 3.91 (q, J=7.0 Hz, 2H), 2.79-2.70 (m, IH), 
2.51-2.38 (m, 2H), 1 .96-1.86 (m, IH). 1.06 (t, J=7.0 Hz, 3H); "C NMR (DMSO-d^ 5 
172.89. 169.93. 167.55. 167.05, 156.72, 139.69. 134.91. 132.90, 131.58. 127.04. 121.97, 
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60.15, 48.90, 39.34, 30.98, 22.04, 14.69; Anal. Calcd. For CtHitNsOs: C, 56.82; H, 4.77; 
N, 1 1.69. Found: C, 56.94; H, 4.81; N. 11.37. 

Md:hvt-3.rfeeiizvloxvc ari>niTVlaiiiin o^methvn-2»fm eth^ 

5 



10 




Triethylamine (1.87 g, 18.5 mmol) was added to a stirred suspension of methyl-3- 
(aminomethyl)-2-(methoxycarbonyl)benzoate hydrochloride (2.0 g, 8 mmol) in 
dichloromethane(30ml). The mixture was cooled in an ice bath to 4 °C. Benzyl 

15 chloroformate (1 .66 g, 10 mmol) was added slowly keq>ing the temperature between 4-7 
"C. After the addition was complete, the cooled mixture was stured an additional 30 
minutes and then warmed to room temperature for 4 hours. The mixture was washed with 
water (2 x 30 ml), brine (30 ml) and dried. Solvent was removed and the residue was 
purified by chromatography (dichloromethane/efliyl acetate 95 to 5) to give 2. 1 g (76%) of 

20 the product as a sofid; 'H NMR (CDCI3) 5 7.87 (d, J=7.8 Hz, IH), 7.63 (d, J=^.6 Hz. IH), 
7.46 (t. J=7.7 Hz, IH), 7.36-7.26 (m, 5H), 5.41 (b, IH), 5.09 (s. 2H), 4.36 (d, J=6.3 Hz, 
2H). 3.91 (s,3H), 3.88 (s,3H). 

r2^1.6.T^Qxo^>iperidinr3.vlV1.3-diox o-2.3-dihvdro-lg-isoindol-4-v^ 
25 add benzvi ester 1-6 
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l,8-diazabicyclo[5,4,0]undec-7-ene (0.88 g, 6 mmol) was added to a stirred 
suspension ofmethyl-3-[(benzyloxycarbonyIamino)methyl]-2-(methoxycarbony 
(2.07 g, 6 mmol) and aminoglutarimide hydrochloride (0.95 g, 6 mmol) in DMF (15 ml). 
The mixture was heated to 120 for 24 hours. The mixture was cooled to room 

5 temperature and poured into water (150 ml). The mixture was extracted with ethyl acetate 
(3 X 30 ml) and the combined ethyl acetate extracts were washed with water (2 x 30 ml), 
brine (30 ml) and dried. Solvent was removed in vacuo and the residue was purified by 
chromatography (dichloromethane/ethyl acetate 8 to 2) to give 0.58 g (24%) of the product 
as a white solid: mp 166468 *^C; NMR (DMSO-^/^) 5 11.15 (s, IH), 7.99-7.71 (m, 4H), 

10 7.37 (m, 5H), 5.19-5.12 (dd, J«5.1 and 17:4 Hz, IH), 5.07 ( s, 2H), 4.70 (d, J=5.7 Hz, 2H), 
2.97-2.83 (m, IH), 2.64-2.51 (m, 2H), 2.08-2.04 (m, IH); ''C NMR.(DMSO-(/,) 5 172.85, 
169.89, 167.51, 167.01, 156.55, 139.46, 137.02, 134.87, 132.89, 131.57, 128.44, 127.92, 
127.83, 127.06, 12L99, 65.69, 48.89, 30.97, 22.02; Anal. Calcd. For CjjHipNjO^ : C, 
62.70; H, 4.54; N, 9.97. Found: C, 62.53; H, 4.57; N, 9.89. 



15 



2-ailoio-iV^(r2-f2.6-dioxof3-piperidvnV13-dioxoisoindolin-4-yn 



20 




25 Triethylamine (0.6 g, 6 mmol) was added to a stirred suspension of 4- 

(aminomethyl)-2-(2,6-dioxo(3-piperidyl))isoindoline-l,3-dione hydrochloride (0.8 g, 2.5 
mmol) in THE (70 ml). After stirring for 5 min, chloroacetyl chloride (0.34 g, 3 mmol) was 
added and the resulting mixture was heated at reflux for 3 hours. The solvent was removed 
in vacuo and the residue was dissolved in dichloromethane (70 ml), washed with water (20 

30 ml), 2N HCl (30 ml), water (2 x 30 ml), brine (30 ml) and dried. Solvent was removed in 
vacuo and the resulting solid was slurried in dichloromethane (10 ml) and ether (10 ml) and 
filtered to give 0.76 g (84%) of the product: 'H NMR (DMSO-rf^) 8 11.15 (s, IH), 8.87 (t, 
J=5.9 Hz, IH), 7.88-7.68 (m, 3H), 5.19-5.12 (dd, J=5.3 and 12.6 Hz, IH), 4.77 (d, J=5.9 
Hz, 2H), 4.19 (s, 2H), 2.96-2.83 (m, IH), 2.65-2.5 1 (m, 2H), 2.1 1-2.04 (m, IH); ^^C NMR 
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(DMSCW5) 5 172.88, 169.90, 167.53, 167.01, 166.67, 138.46, 134.90, 133.22, 131.63, 
127.26, 122.14. 48.94, 42.61, 38.27. 30.99, 22.05. 

?-fn^mRfh YlaminoVA/-ir2-f2.6-dioxo(3-piperidvnV1.3-dioxoiso mdolm-^^^ 
5 acetamide 1-8. hydrochloride 



10 




Dimethylamine (2M in THF, 5 ml, 10 mmol) was added to a stiired suspension of 
. 2-chloro-i\r-{[2-(2,6-dioxo(3-piperidyl))4,3-dioxoisoindolin-4-yi]mefli^ g, 
3.3 mmol) in acetonitrile (120 ml). The mixture was stirred at room tenq)er8t«re overnight 

20 Solvent was removed in vacuo and Ihe residue was dissolved in dichloromethane (75 ml), 
washed with water (30 ml), brine (30 ml) and dried. Solvent was removed in vacuo and the 
residue was purified by fla^ chromatogr^hy (dichbomethane^OLethanol 95 to 5) to give 
0.96 g (78%) of the free base. The free base was dissolved in ethyl acetate (20 ml) and 
treated with IN HQ (5 ml) to aflrord0.9g(86%)offtLehydrodiloridesaltmp 185-187 "C; 

25 «HNMR (pmO-d^ 6 11.15 (s. IH). 10.05 (b. IH), 9.40 (s, IH), 7.84 (m, 3H), 5.14 (m. 
IH), 4.81 (8. 2H), 4.07 (s, 2H), 2.84 (s, 6H), 2.65-2.52 (m, 3H), 2.09 (m, IH); "C NMR 
(DMSO-i/tf) 8 172.81, 169.82, 167.40, 166.89, 164.77, 137.91, 134.88, 133.53, 131.55, 
127.25, 122.23, 57.21, 48.88, 43.20, 37.91, 30.93, 21.89; Anal. Calcd. ForCuHzjNAa + 
0.65 water : C, 51.41; H, 5.34; N. 13.32; Ca, 8.43. Found: C, 51.12; H, 5.20; N, 12.67; CI. 

30 8.45. 
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1-tert-Biitvl-3-r2-(2.6-<yoxo-piperidm-3-vlVlJ-dioxo-2J-dihvdTo-l^^ 
-urea 1-9 



l,8-Diazabicyclo[5,4,0]undec-7-ene (0.28 g, 1.9 nunol) was added to stiired 
suspension of 4-(ammomethyl)-2-(2,6-dioxo(3-piperidyl))isoindoline-l,3-dione 

15 hydrochloride (0.6 g, 1.9 mmol) in acetonitrile (50 ml). Afta: stirring for 1 hour, t- 

butylisocyanate (0.21 g, 2 mmol) was added. The mixture was stiired at room tanperature 
for 1 7 hours. The solvent was removed in vacuo and flie residue was dissolved in 
dichloromelhane (70 ml) and washed with 0.1 N HCl (20 ml), water (20 ml), brine (20 ml) 
and dried. The solvent was rranoved in vacuo and the resulting solid was rec^ystaUized 

20 fix)m ethanol/isopropyl etiier to give 036 g (5 1%) of the product: mp 186-188 °C; 'H NMR 
(DMSO-rftf) 5 1 1.04 (s, IH), 7.77-7.59 (m. 3H), 6.17 (t, J=6.2 Hz, IH), 5.86 (s, IH), 5.08- 
5.01 (dd, J=5.4 and 12.4 Hz, 1H),4.49 (d, J«=6.0 Hz, 2H), 2.82-2.73 (m, IH), 2.54 -2.40 (m, 
2H), 1.98-1.94 (m. IH), 1.12 (s, 9H); NMR (DMSO-<Q 5 172.33, 169.39, 167.11, 
166.59. 156.85, 140.72, 134.20, 132.99, 131.06, 126.54, 121.20, 48.69, 48.37, 37.89, 30.46, 

25 28.88,21.53;AnaLCalcd.ForC,9H22N4Oj + 0.2water:C,58.51;H,5.79;N, 14.37. 
Found: C, 58.86; H, 6.15; N, 14.24. 
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N-ir2-(2.6-Dioxof3-piperidvl'>V1.3Hiioxoi romdolm-4-vnmethvU-3.3wiime^^^ 



15 l,8-Diazabicyclo[5,4,0]undec-7-ene (0.62 g, 4 mmol) was added to a stirred 

suspension of 4-(aininomethyl)-2-(2,6-dioxo(3-piperidyl))isoindoline-l,3-dione 
hydrochloride (0.6 g, 1.9 mmol) in acetonitrile (50 ml). After stirring for 20 min, t- 
butylacetyl chloride (0.25 g, 1.9 mmol) was added. The mixture was stirred at room 
temperature for 17 hours. Solveat was removed in vacuo and the residue was dissolved in 

20 . dichloromethane (90 ml) and washed with O.IN HQ (30 ml), water (30 ml), brine (30 ml) 
and then dried. Solvent was removed in vacuo and ttte soUd residue was slurried in etfaanol 
(10 ml) to give after filtration 0.55 g (77%) of the product: mp 145-147 °C; 'H NMR 
(DMSO-rf«) 5 11.14 (s, 'H), 8.39 (t, J-5.7 Hz, IH), 7.87-7.69 (m, 3H), 5.19-5.12 (dd, J-5.3 
and 12.4 Hz, IH), 4.72 (d, J=5.8 Hz, 2H), 252-2.83 (m, IH), 2.63-2.51 (m, 2H), 2.08 (s, 

25 2H), 2.08-2.04 (m, IH), 0.97 (s, 9H); "C NMR (DMSO^«) 5 172.69, 171.35, 169.74, 

167.51, 166.96, 139.61, 134.69, 133.41, 131J2, 127.11, 121.87,48.86, 48.62,37.53, 30.93, 
30.52, 29.71, 22.00; Anal. Calcd. For C^^^O^ + 0.28 water : C, 61.52; H, 6.08; N, 
10.76. Found: C, 61.23; H, 6.18; N, 10.57. 

JV^r2-f2.6-Dioxof3-piperidvn^-l J-dioxoisoindo1in.4-vn- 3-pvridvlcarbQxaniide T-l 1 



m. 
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A stiired mixture of 4-amino-2-(2,6-dioxo(3-piperidyl))isomdoline-l,3-di(me (1.09 
g, 4.0 mmol) and nicotinoyl chloride hydrochloride (1.42 g, 8.0 mmol) in tettahydrofiiran 
(60 ml) was heated to reflux for 22 h. The suspension was filtered and washed wilh 

5 tetrahydrofuran (20 ml) and ether (10 ml) to yield a white soKd. The soUd was slurried in 
pH 7 buffer (40 ml) and ether (30 ml) for Ih. The suq)ension was filtered and washed with 
water (20 ml) and ether (20 ml) to N-[2-(2,6-dioxo(3-piperidyl)>l,3-dioxoisoindolin-4-yl]- 
3-pyridylcarboxamide as a white soUd (1.2 g, 79% yield): mp, 176-178 »C; 'HNMR 
(DMSO-rf,) 5 2.06-2.10 (m. IH, CHH), 2.49-2.65 (m, 2H, CH^, 2.83-2.97 (m, IH, CHfl), 

10 5.18 (dd, J= 5.3, 12.5 Hz, IH, NC^O. 7.64 (dd. 7= 4.9, 7.9 Hz, IH. Ar), 7.71 (d. /= 7.3 
Hz, IH, Ax), 7.92 (t, J= 7.8 Hz. IH, Ar), 8J29-834 (m, IH, Ar), 8.45 (d, J= 8,2 Hz, IH, 
Ar), 8.83 (dd, J= 1.2. 4.8 Hz. IH, Ar). 9.15 (d. J= 1.7 Hz, IH, Ar), 10.55 (s, IH, Nfl), 
1 1.17 (s, IH, N/0; "C NMR (DMSO-dg) 8 21.99, 30.93, 49.00. 119.06, 119.34. 123.91, 
127.36, 129.17, 131.55, 135.24, 135.94, 136.20, 148.47. 152.95, 163.85, 166.59, 167.54. 

15 169.69, 172.72; Anal Calcd for C,^„NA + 0.13 H^O: C, 59.95; H, 3.78; N, 14.72; H^O, 
0.62. Found: C, 59.83; H, 3.66; N, 14.68; HjO. 0.64. 

3-fl-Oxo-4-fbenzvlam mo1isoiiidolui-2-vnpiperidine-2.6-dioneI-12 



A stirred mixture of 3-(4-amino-l-oxoisoindolin-2->4)piperidine-2,6-dione (518 mg, 
2.0 mmol) and benzaldehyde (0.21 ml, 2.0 mmol) in methanol (20 mO was heated to reflux 
for5L The solvent was removed IB vacuo to give a solid. The soKd was re-dissolved in 
acetic acid (20 ml). The stirred solution was heated to reflux for Ih, and was then allowed 
to cool to room temperature. To the stirred solution was added sodium borohydride (90 
mg, 2.3 mmol) and stirring continued at room tonperature for 18L The resulting 
suspension was filtered and washed with acetic add (10 tbH) and ^er (20 ml) to give 3-{l- 
oxo-4-[benzylamino]isoindolin-2-yl}piperidine-2,6-dione as an off-white solid (420 mg, 
60% yield): mp. 257-259 "C; 'H MMR (DMSOw/^) 5 2.01-2.07 (m, IH, CHH), 2.23-2.30 
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(m, IH, CHfl), 2.49-2.65 (m, IH. CHH), 2.85-3.00 (m, IH, CHH), 4.19 (d, J- 17 Hz, IH, 
CHH), 4.31 (d, J= 17 Hz. IH, CHfl), 4.39 (d, 5.7 Hz, 2H, CH^, 5.12 (dd, 7= 5.1, 13 
Hz, IH, NCfl), 6.37 (t, 5.9 Hz, IH, N^O, 6.62 (d, /= 8.0 Hz, IH, Ar), 6.91 (d, J = 7.3 
Hz, IH, Ar), 7.19-7.40 (m, 6H, Ar), 1 1.02 (s, IH, Nfl); '^C NMR (DMSO-rf^ 5 22.79, 
5 31.25, 45.79, 46.09, 51.56, 110.32, 112.34, 126.72, 127.05, 128.32, 129.07, 132.08; 139.72, 
143.33, 168.82, 171.22, 172.90; Anal Calcd for C20H19N3O3: C, 68.75; H, 5.48; N, 12.03. 
Found C, 68.73; H, 5.41; N, 12.04. 

2"f2,6"DioxoG-t>iperidvnV4-rbenzvla3aino]isoindoline-l^ 



10 



15 




A mixture of 4-ammo-2-(2,6-dioxo(3-piperidyl))isomdoline-l,3-dioiie (1.0 g, 3.7 
mmol) and benzaldehyde (0.4 ml, 3.9 mmol) in acetic acid (20 ml) was stirred at room 
temperature for 17h, then was heated to reflux fi>r 3h. The mixture was cooled to room 

20 temperature. To fte stirred mixture was added sodium borohydride (140 mg, 3.7 mmol) 
and kept at room temperature for 18h. The mixture was then heated to reflux for 2h. To 
the mixture was added additional benzaldehyde (0.4 ml, 3.9 nunol) during reflux. After 30 
min of reflux the reaction was allowed to cool to room temperature. To the mixture was 
added sodium borohydride (180 mg, 4.8 mmol) and the mixture stirred at room temperature 

25 for 3 days. The solvent was removed in vacuo to yield an oil. The oil was diluted with 
ethyl acetate (90 ml) and aqueous sodium hydrogen caibonate (sat, 100 ml). The organic 
layer was separated and was washed with aqueous sodium hydrogen carbonate (sat, 2 x 100 
ml), brine (100 ml) ^nd dried over MgS04. The solvent was removed in vacuo to give a 
solid. The solid was purified by column chromatography (Silca Gel, 50% EtOAcrCHjClj) 

30 to give a yellow solid. The solid was further purified by column chromatography (KP-C18- 
HS, 35:65 Ca^CtiiOAVo CF3COOH in water) to give 2-(2,6-dioxo(3-piperidyl))-4- 
[benzylamino]isoindoline-l,3-dione as' a yellow solid (210 mg, 16% yield): mp, 209-21 1 
^C; NMR (DMSO-d,) 5 2.02-2.08 (m, IH, COM), 2.46-2.63 (m, 2H, CH^, 2.82-2.97 
(m, IH, CHH), 4.56 (d, 6.2 Hz, 2H, CH21 5.07 (dd, 5.3, 12.4 Hz, IH, NC/O* 6.96 

35 (d, y = 8.6 Hz, IH, Ar), 7.02 (d, 7= 7.0 Hz, IH, Ar), 7.19-7.40 (m, 6H, Ar, NH), 7.51 (dd, J 
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= 7.5. 8.4 Hz. IH, At), ll.l 1 (s. IH, Nfl); »C NMR (DUSO-d,) 6 22.15, 30.99, 45.44, 
48.59. 109.58. 110.74, 117.63, 126.95, 126.99, 128.53, 132.21. 136.09, 138.95, 146.09, 
167.27, 168.78, 170.07, 172.79; Anal Calcd for CaHnNsO*: C, 66.1 1; H, 4.72; N, 11.56. 
Found: C, 65.96; H, 4.60; N, 1 1.49. 

Ar- {r2-r2.6-Dioyof3-piT)eridv1^Vl-3-dioxo ^ 'soindolin-4-vllmetfavUpropanami^^ 



10 




15 

l,8-Diazabicyclo[5,4,0]undec-7-ene.(0.65 g, 4.25 mmol) was added to a 
stirred suspension of 4-(ammoiaethyl>2-(2,6-dioxo(3i?iperidyl))isoindoline-l,3-dione 
hydrochloride (0.6 g, 1.85inmol)inCH3CN(50ml). After stirring for 20 min. propionyi 
chloride (0.2 g, 2.13 nnnol) was added. The mixture was stirred at room temperature for 17 
20 hours. Solvent was removed in vacuo and the residue was dissolved in CH^Qj (60 ml) and 
washed with IN HCl (30 ml), H^O (30 ml), brine (30 ml) and dried (MgSO^). Ihe solvent 
was removed and flie resulting soUd was slurried in hot C2HL5OH (10 ml) to give after 
ffltrationN-{[2<2,6-dioxo(3-piperidyl)>l,3-dioxcnsoindolin-4-yqmethyi>propanamid 

(0.41 g, 64%) as a white soM: mp 219-221»C; 'H NMR (DMSO-</<D 5 d 11.15 (s, IH). 8.42 
25 (t, J=5.8 Hz. IH), 7.87-7.67 (m. 3H). 5.19-5.12 (dd, J=5.3 and 12.5 Hz, IH), 4.72 (d, J=5.8 
Hz, 2H), 2.98-2.84 (m. IH). 2.65-2.48 (m. 2H), 2.26-2.17 (m, 2H), 2.09-2.04 (m, IH). 1.05 
(t, J=^.8 Hz, 3H); "C NMR (DMSO-J5) 5 d 173.52, 172.81, 169.79, 167.53, 167.01, 
139.52. 134.79. 133..20. 131.55. 127.10, 121.86, 48.89. 37.69. 30.95, 28.43, 22.03, 9.90; 
Anal Calcd. For C.^.tNjO, + 0.19 H,0: C, 58.88; H. 5.05; N. 12.12. Found: C. 58.77; H, 
30 4.97; N, 12.12. 
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V-fr2-a.6-Dioxof3-piperidvi^VlJ-dioxoisomdolm-4-vnmethvil-3-pyri«1v1^ 

IS 



5 



10 




15 l,8-Diazabicyclo[5,4,0]undec-7-ene (0.98 g, 6.48 mmol) was added to 

stirred suspension of 4-(aininoinethyl)-2-(2,6-dioxo(3-piperidyl))isoindoline-l ,3-dione 
hydrochloride (0.6 g, 1.85 mmol) in CHjCN (50 ml). After stirring for 20 min, nicotinoyl 
chloride (0.41 g, 2.22 mmol) was added. The mixture was stirred at room temperature for 
1 7 hours. The solvent was removed in vacuo and the residue was dissolved in CH2CI2 (70 

20 ml). The CH2CI2 solution was washed with HjO (30 ml), brine (30 ml) and dried (MgS04). 
Tiis solvent was reeved in vacuo and the residue was purified by flash chromatography 
(SiOj, CH2CI2: CH3OH 97.5:2.5) to give N-{[2-(2,6-dioxo(3-piperidj4))-l,3- 
dioxoisoindoIin-4-ylimethyl}-3-pyridylcarboxaii)ide (0.47 64%) as a white solid: 
148-1 51«C; 'HNMR (DMSO-</«) 5 d 11.16 (s, IH), 9.36 (t, J=5.6 Hz, IH), 9.09 (d, J=1.25 

25 Hz. IH). 8.75-8.73 (m, IH), 8.25 (d, J=8.0 Hz, IH), 7.84-7.76 (m, 3H), 7.57-7.52 (m, IH), 
5.22-5.15 (dd, J=5.4 and 12.7 Hz, IH), 4.96 (d. J=5.6 Hz, 2H), 2.92-2.85 (m, IH), 2.65- 
2.50 (mi 2H). 2.1 1-2.06 (m, IH); "C miR (DMSO-rfj) 6 d 172.72, 169.80, 167.51, 166.94, 
16523, 152.02, 148,44, 138.86, 135.10, 134.83, 133.20, 131.55, 129.48, 127.20, 123.49, 
121.95. 48.89, 38.33, 30.93. 21,98; Anal. Calcd. For CjoHjeNA + 0.28 HjO: C. 60.45; H, 

30 4.20; N, 14.10. Found: C, 60.29; H, 428; N, 13.82. 
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jV^ir2-(2.6-Dioxof3-piperidvnV1.3.dioYnisQinH olm.4-vl1methvnheptanam^^ 



5 




l,8-Diazabicyclo[5,4,0]imdec-7-ene (0.65 g, 2.22 ounol) was added to a stirred 
su^ensionof4-(airdnomethyl>2-(2,6-dioxo(3-piperidyl))isomdoline-l,3-dione 
hydrochloride (0.6 g, 1 .85 minol) in CH3CN (50 ml). After stirring for 20 min, hq)tanoyl 

15 chloride (0.33 g, 2.22 mmol) was added. The mixture was stirred at room temperature for 
17 hours. The solvent was removed in vacuo and the residue was dissolved in CH1CI2 (70 
ml). The CHjCl^ solution was washed with IN HCl (30 ml), HjO (30 ml), brine (30 ml) 
and dried (MgS04). The solvent was removed in vacuo and the residue was purified by 
chromatography (SiOj, CHjCljrEtOAc 7: 3) to give N-{[2-(2,6^oxo(3-piperidyl))-l,3- 

20 dioxoisoindolin-4-yl]mefliyl}heptanainide (0.49 g, 66%) as a white solid: mp 130-132''C; 
'H NMR (DMSO-rf^ 8 d 1 1.14 (s, IH), 8.44 (t, J=5.7 Hz, IH), 7.86-7.78 (m, 2H), 7.71- 
7.65 (m, IH), 5.19-5.12 (dd. J=5.2 and 12.4 Hz, IH), 4.69 (d, J=5.7 Hz, 2H), 2.98-2,83 (m, 
IH), 2.64-2.50 (m, 2H), 2.18 (t, J-7.3 Hz, 2H), 2.08-2.04 (m, IH), 1.53 (t, J=6.0 Hz, 2H), 
1.25 (s, 6H), 0.85 (t, J=5.9 Hz, 3H); "C NMR (DMSCWj) 8 d 172.73, 172.66, 169.79, 

25 167.47, 166.93, 139.54, 134.66, 133.13, 131.50, 127.06, 121.80, 54.86, 48.85, 37.57, 35.23, 
30.96, 28.31, 25.16, 21.97. 13.87; AnaL Calcd. For CjjH^jNjO, + 0.3 H2O: C, 62.30; H, 
6.37; N, 10.38. Found : C, 62.07; H. 6.29; N, 10.23. 
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^-fr2-f?,$-Oi0X0f3-PlPeridvnVlJ-dioxQisftf Ti ^lin-4-vl1meth^^ 



l,8-Diazabicyclo[5,4,0]undec-7-ene (0.650 g. 2.22 minol) was added to a stined 
suspension of 4-(arninomethyl)-2-(2,6-dioxo(3-piperidyl))isomdoline.l,3^one 

15 hydrochloride (0.600 g. 1.85 mmol) in CH3CN (50 ml). After stirring for 20 min, 2-furoyl 
chloride (0.290 g, 2.22 mmol) was added and the mixture was stirred at room temperature 
for 1 7 hours. The solvent was removed in vacuo and the residue was dissolved in CH2CI2 
(70 ml). The CHjCl^ solution was washed IN HCl (30 ml), HjO (30ml), brine (30 ml) and 
dried (MgS04). The solvent was removed in vacuo and the residue was purified by 

20 chromatography (SiOj. CR^d^. EtOAc 1 : 1) to give N- {[2-(2.6-dioxo(3-piperidyl))-l,3- 
dioxoisoindolin-4-yl]methyl}-2-furylcarboxamide (0.51 g. 73%) as a white sohd: mp 121- 
laS'C; »HNMR (DMSO-rf,) 5 d 11.13 (s, IH), 9.01 (t, J=5.7 Hz. IH), 7.88-7.68 (m. 4H), 
7.18 (d, J-3.3 Hz, IH), 6.66 (m, IH), 5.20-5.13 (dd. J=5.4 and 12.5 Hz, IH), 4.90 (d, J=5.6 
Hz. 2H), 2.97-2.84 (m, IH). 2.65-2.49 (m, 2H). 2.10-1.98.(m, IH); »C NMR(DMSO-^/^ 6 

25 d 172.73, 169.80, 167.52, 166.94. 158.09, 147.49, 145:27. 139.06, 134.80. 132.98. 131.52, 
127.09. 121.88, 1 13.86. 1 11.91, 48.86, 37.64, 30.92, 21.97; Anal. Calcd. For C,^,^,0, + 
0.18 HjO: C, 59.34; H, 4.03; N, 10.93. Foimd: C, 59.47; H. 4.16; N. 10.49. 



10 



5 




30 



35 



-106- 



wo 02/059106 




PCTAJSOl/50401 



7.Ar.'dQ-A^r2-(2.6.4iioxo-piperidi n-3-vlV1.3-dioxo-2.3-dihvdro4H-isQm^^ 
ar^tamide 1-18 



5 




A mixture of 2-chloro-//-{[2-(2,6-dioxo(3-piperidyl))-l,3-dioxoisoindolin-4- 
yl]methyl}acetamide (1.3 g, 3.57 mmol), sodium azide (0.3 g, 4.65 mmol) and sodium 
iodide (0.54 g, 3.57 mmol) in acetone (50 ml) was refluxed for 17 hours. The solvent was 
15 removed in vacuo and the residue was dissolved in EtOAc (60 ml). The EtOAc solution 
was washed with HjO (30 ml), brine (30 ml), and dried (MgSOJ. The solvent was 
removed in vacuo to give 2-azido-iV-{[2-(2,6-dioxo(3-piperidyl))-l,3-dioxoisoindolin-4- 
yl]methyl}acetamide (1.2 g, 90%) as a white solid: 'HNMR (CDClj) 8 d 8.48 (s, IH), 7.84- 
. 7.68 (m, 3H), 7.51 (t, J=6.3 Hz, IH), 5.04-4.97 (dd, J=4.7 and 1 1 .8 Hz, IH), 4.80 (d, 
20 Hz. 211), 3.97 (s, 2H), 2.95-2.74 (m, 3H), 2.20-2.15 (m. IH). 

9-Amino-A/:rr2-f2.6-dioxof3-piperidvnvl.3-diox oisoindolin-4-vl1methvnacetamideT-19, 
hydrochloride 



25 



30 




CI — 



A mixture of 2-azido-Ar-{[2-(2,6-dioxo(3-piperidyl))-l,3-dioxoisoindolin-4- 
yl]methyl}acetamide (1.2 g, 3.24 mmol), and 10% Pd/C (0.15 g) in 4N HCl (20 ml) and 
35 CH3OH (50 ml) was hydrogenated in Parr shake apparatus under 50 psi of hydrogen for 3 
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hours. The mixture was then filtered tinough celite and flie filtrate was concentrated to a 
solid residue. The solid was slurried in ethanol (20 ml) and fee suspension filtored to give 
2-amino-Ar-{[2K2,6-dioxo(3-piperidyl))l,3-dioxoisoindolin-4-yl]methyl}acetamide 

hydrochloride (0.86 g, 84%) as a white solid; mp 270-272"C; *H NMR (DUSO-dg) 5 d 
5 1 1.16 (8, IH), 9.28 (t, J»5.7 Hz. IH), 8.33 (s, 3H), 7.83 (s, 3H), 5.20-5.13 (dd. J=5.3 and 
12J Hz, IH). 4.81 (d, J=5.7 Hz, 2H), 3.69 (s, 2H), 2.92-2.87 (m, IH), 2.65-2.51 (m, 2H), 
2.09-2.05 (m, IH); »C NMR PMSO-d^) 5 d 172.76, 169.80, 167.44, 166.91, 166.52, 
138.24, 134.74. 133.53. 131.51, 127.17, 122.08, 48.89. 37.89. 30.94, 21.99; Anal. Calcd. 
For C,sH„N405Cl: C, 50.47; H, 4.50; N. 14.71; CI. 9.31. Found: C, 50.39; H. 4.61; N. 
10 14.42; CI, 9,25. 

pth v1fi-n>J-fr2-(2.6-dioxon-DiDeridvnV1.3-diox oisoindolin-4-v11methvncarbamovn 
hiixanoate 1-20 




25 l,8-Diazabicydo[5,4,0]undec-7-ene (0.65 g, 4.26 nomol) was added to a stirred 

suspension of 4-(aminomethyl>2-(2,6-dioxo(3-piperidyi))i8oindoline-1.3-dione 
Iqrdrochloiide (0.6 g, 1.85 mmol) in CHjCN (50 ml). After stirring for 20 min, 6- 
(chloroformyl)hexanoic acid e&yl ester (0.46 g. 2.22 mmol) was added The mixture was 
stirred at room temperature for 17 hours. The solvent was removed in vacuo and the 

30 iBsidue was dissobred in CH^Clz (70 ml). The CHjClj solution was washed with IN HCl 
(30 ml), HiO (30 ml), brine (30 ml) and dried (MgS04). The solvent was removed in vacuo 
and ttie residue was purified by chromatography (SiO,, CH^Cli: EtOAc 1:1) to give ethyl 6- 
(N-{[2-(2,6-dioxo(3-pipeiidyl))-l,3-dioxoisoindolin-4-yl]methyl}caibamoyl)hexanoate 

(0.43 g, 50%) as awhite solid: mp 82-84«C; 'H NMR (DMSO-rf,) 5 d 11.11 (s. IH), 8.41 (t, 
35 3^=5.6 Hz, IH), 7.86-7.65 (m, 3H). 5.18-5.11 (dd, J=5.4 and 12.4 Hz, IH), 4.72 (d, J=5.7 
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Hz, 2H), 4.05 (q, J=7.l Ha, 2H), 2.97-2.83 (m, IH), 2.64-2.48 (m, 2H). 2.30-2.15 (m, 4H), 
2.08-2.04 (m, IH), 1.56-1.47 (m, 4H), 1.32-1.23 (m, 2H), 1.17 (t, J=7.1 Hz, 3H); "CNMR 
(DMSO-rftf) 5 d 172.80, 172.71, 172.52, 169.77, 167.45, 166.92, 139.49, 134.67, 133.13, 
131.49, 127.04, 121.78, 59.60, 48.84, 37.57, 35.02, 33.38, 30.91. 28.08, 24.83, 24.16, 
5 21.96, 14.09; Anal. Calcd. For CjjHnNjO,: C, 60.39; H. 5.95; N, 9.18. Found: C, 60.10; H, 
5.82; N, 8.82. 

3-f(<er^Butoxvkalfeonvlaminol-#-fr2-('2.6-dioxo(3-p^peri dvnV1.3-dioxoisoindolm-4- 
vllmethvUpropanamide 1-21 



15 




20 

1 ,8-Diazabicyclo[5,4,0]undec-7-cne (0.7 g, 4.62 mmol) was added to a stined 
su^ension of 4-(anMnoniethyl)-2-(2,6-dioxo(3-piperidyl))i8omdoKne-l,3-dione 
hydrochloride (0.6 g, 1.85 mmol) in CHjCN (50 ml). After stirring for 20 min, 1- 
hydroxybenzotriazole (0.3 g, 222 mmol), N-BOC-b-alanine (0.42 g, 2.22 mol) and l-[3- 

25 (dimethylamino)prop>d]-3-ethylcarbodimide hydrochloride 0.53 g, 2.78 nmiol) ware added. 
The mixture was stirred at room temperature for 17 hours. The solvent was removed in 
vacuo and flie residue was dissolved in CH^Clz (70 ml). The CH2CI2 solution was washed 
witii IN citric acid (30 ml), HjO (2 x 30 ml), brine (30 ml) and dried (MgSOJ. The 
solvoit was removed in vacuo and the residue was purified by chromatogr^hy (Si02, 

^0 CRiCli. CH3OH 100:2) to give 3-[(/erf-butoxy)carbonylamino]-A/:-{[2-(2,6-dioxo(3- 
piperidyl))-l,3-dioxoisoindolin-4-yl]methyl}propanamide (0.57 g, 67%) as a white solid: 
mp 96-98''C; 'H NMR (DUSO-d^ 5 d 1 1.14 (s, IH), 8.50 (t. J=5.8 Hz, IH), 7.82-7.67 (m, 
3H), 6.81 (t, J=5.1 Hz, IH), 5.19-5.11 (dd, J=5.4 and 12.4 Hz, IH), 4.72 (d, J=5.7 Hz, 2H), 
3.21-3.13 (dd, J=6.8 and 13.1 Hz, 2H), 2.92-2.85 (m, IH), 2.64-2.33 (m, 4H), 2.08-2.04 (m, 

35 IH), 1.37 (s, 9H); '^C NMR pMSO-rf«) 5 d 172.71, 170.87, 169.77, 167.46, 166.93, 
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155.45, 139^7, 134.67, 133.17, 131.47, 127.03, 121.80, 77.57* 48.84, 37.63. 36.69, 35.62, 
30.91, 28.21, 21.96; Anal. Calcd. For CjjHjjNA + 0.28 HjO: C, 57.01; H, 5.78; N, 12.09. 
Found: C, 56.99; H, 5.89; N, 11.79. 

5 3-Amino-j\^- (f2-(2.6-dioxof3-pipeiid^)V1.3-dioxoisoindoMn-4-vllmettivUpropaiiainide I- 
22. hydrochloride 



A 4N HCl solution in dioxane (1 ml) was added to a stirred solution of 3-[(^er/- 
butoxy)carbonylatnino]-Ar-{[2-(2,6-dioxo(3-piperidyl))-l,3-dioxoi8oindolin-4- 
yl]methyI}propanamide (0.5 g, 1 .09 mmol) in CHjClj (15 ml) and stiired for 17 hours. The 
resulting suspension was filtered to give 3-amino-iV-{[2-(2,6-dioxo(3-piperidyl))-l,3- 

20 dioxoisoindolin-4-yl]meth;^}propananude hydrochloride (0.34 g, 79%) as a \^te solid: 
mp 161-163»C; 'H NMR (DMSO-rfj) 8 d 11.15 (s, IH), 8.88 (t, J=5.8 Hz, IH), 8.06 (b, 3H), 
7.87-7.79 (m, 3H), 5.19-5.12 (dd, J=5.3 and 12.6 Hz, IH), 4.76 (d, J=5.8 Hz, 2H), 3.03- 
2.84 (m, 3H), 2.67-2.47 (m, 4H), 2.08-2,04 (m, IH); "C NMR (DMSO-<Q 8 d 172.74, 
169.88, 169.80, 167.45, 166.92, 138.92, 134.74, 133.46, 131.48, 127.09, 121.92,48.86, 

25 37.69, 35.1 1, 32.03, 30.92, 21.97; AnaL Calcd. For CjtHijNACI +0.13 ^20,+ 0.57 
HjO: C, 49.44; H, 4.94; N, 13.46; CI, 10.73. Found: C. 49.22; H, 4.88; N, 13.08; CI, 10.95. 
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;y-ff2-f2.6-Dioxof3-piDeridvnVlJ-dioxoisomdolm-4-vnmethvn2-thienvlc^ 



5 



10 




l,8-Diazabicyclo[5,4,0]undec-7-ene (0.620 g, 4.07 mmol) was added to a stirred 
suspension of 4-(aminometiiyl)-2-(2,6-dioxo(3-piperidyl))-isoindoline-l,3-dione 
hydrochloride (0.600 g, 1 .85 mmol) in CHjCN (50 ml). After stirring for 20 min, 2- 

15 thiophene-carbonyl chloride (0.3 g, 2.03 mmol) was added. The mixture was stirred at 
room temperature for 17 hours. The solvent was removed in vacuo and the residue was 
dissolved in CH2CI2 (70 ml). The CH^Clz solution was washed with IN HCl (30 ml), H2O 
(30 ml), brine (30 ml) and dried (MgS04). The solvrait was removed in vacuo and fbs 
residue was purified by chromatography (SiOj, CHjClj: EtOAc 6:4) to give N-{[2-(2,6- 

20 dioxo(3-piperidyl))-l ,3-dioxoisoindolin-4-yl]methyl}-2-ffaienylcaiboxamide (0.35 g, 47%) 
as a white solid: mp 192-194»C; 'H NMR (DMSCW^) 6 d 11.16 (s, IH). 9.18 (t, J=5.8 Hz, 
IH), 7.88-7.72 (m 5H), 7.20-7.17 (dd, J=3.9 and4.7 Hz, IH), 5.22-5.15 (dd, J=5.5 and 12.7 
Hz, IH), 4.94 (d, J=5.8 Hz, 2H), 2.98-2.85 (m, IH). 2.66-2.50 (m, 2H), 2.11-2.06 (m, IH); 
■'C NMR (DMSarf^) 5 d 172.72, 169.80, 167.51, 166.93, 16,1 .52, 139.26, 139.14, 134.83, 

25 133.14, 131.53, 131.11, 128.51, 127.96, 127.12, 121.93, 48.89, 38.09, 30.93, 21.99; Anal. 
Calcd. For CwHijNjOjS: C, 57.42; H, 3.80; N, 10.57; S, 8.07. Found: C, 57.80; H, 3.93; N, 
10.22; S, 7.99. 
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10 




l,8-Diazabicyclo[5,4,0]undec-7-ene (0.62 g, .4.07 imnol) was added to a stirred 
15 suspension of 4-(aminomeAyl)-2-(2,6-dioxo(3-piperidyl))isoindoline-l,3-dione 
hydrochloride (0.600 g, 1.85 mmol) in CHjCN (50 ml). After stining for 20 min, 
methoxyacsetyl chloride (0.22 g, 2.03 mmol) was added. The mixture was stirred at room 
temperature for 1 7 hours. The solvent was rranoved in vacuo and the residue was dissolved 
in CH2CI2 (70 ml). The CH2CI2 solution was washed with IN HQ (30 ml), HjO (30 ml), 
20 brine (30 ml) and dried QAg^O^. The solvent was removed in vacuo and the residue was 
purified by chromatography (SiOz, CH^aj: CH3OH 100:2,5) to giveN-{[2-(2,6-dioxo(3- 
piperidyl))-l,3-dioxoisoindolin-4-yl]meaiyl}-2-metiioxyacetamide (0.44 g, 66%) as a white 
solid: mp 196-198»C; 'HNMR (DMSCW^) 5 d 11.14 (s, IH), 8.49 (t, J=6.1 Hz. IH), 7.86- 
7.79 (m, 2H), 7.68-7.65 (m, IH), 5.19-5.12 (dd, J=5.3 and 12.5 Hz, IH), 4.77 (d, J=6.1 Hz, 
25 2H), 3.92 (s, 2H), 3.36 (s, 3H), 2,96-2.83 (m, IH), 2.64-2.49 (m, 2H), 2.09-2.04 (m, IH); 
"CNMR (DMSO-<y 5 d 172.71, 169.78, 169.58, 167.52, 166,94, 139.09, 134.70, 133.00, 
131.51, 127.08, 121.82, 71.46, 58.70, 48.86, 37.47, 30.91, 21.95; Anal. Calcd. For 
Cj^nNjOt: C, 56.82; H, 4.T7; N, 11.69. Found: C, 57.02; H,4.87; N, 1 1.36. 
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W-{f2-f2.6-I>oxof3-piperid-\d^V1.3-dioxoisoindolin-4- y11methvncarbamo^^^^ 
acetate 1-25 



5 



10 




l,8-Diazabicyclo[5,4,0]undec-7-ene (0.62 g, 4.08 mmol) was added to a stined 
. suspeaision of 4-(aminomethyl)-2-(2,6-dioxo(3-piperidyl))isoiiidoline-l,3-dione 

15 hydrocMoride (0.600 g, 1 .85 mmol) in CH3CN (50 ml). After sturing for 20 min, 

acetoxyacetyl chloride (0.28 g, 2.03 mmol) was added. The mixture was stirred at room 
temperature for 17 hours. The solvait was ranoved in vacuo and the residue was dissolved 
in CH2CI2 (70 ml). The CHjCl^ solution was washed with IN HCl (30 ml), HjO (30 ml), 
brine (30 ml) and dried (MgS04). Tbs solvent was removed in vacuo and tiie residue was 

20 purified by chromatography (SiOj, CHjCla: CHjOH 100-2.5) to give (N-{[2-(2,6-dioxo(3- 
piperidyl))-l,3-dioxoisoindolin-4-yi]me1hyl}carbamo5i)metiiyl acetate (0.54 g, 75%) as a 
white soU± mp 108-110"C; 'HNMR (DMSO^/j) 6 d 11.14 (s, IH), 8.68 (t, J=6.0 Hz, IH), 
7.87-7.79 (m, 2H), 7.71-7.65 (m, IH), 5.19-5.12 (dd, J=53 and 12.4 Hz. IH), 4.77 (d, 
J=5.9 Hz, 2H), 4.56 (s, 2H), 2.96-2.83 (m, IH), 2.63-2.47 (m, 2H), 2.11 (s, 3H), 2.08-1.98 

25 (m, IH); "C NMR (piASOd^ 5 d 172.66, 169.96, 169.72, 167.46, 167.37, 166.36, 138.80, 
134.68, 133.01, 132.47, 127.04, 121.87. 62.36. 48.84, 37.46, 30.38, 21.93, 20.49; Anal. 
Calcd. For CigHnNjO, + O.lSHaO; C, 55.43; H, 4.47; N, 10.77. Foimd: C, 55.43; H, 4.54; 
N, 10.44. 
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10 




l,8-Diazabicyclo[5,4,0]imdec-7-ene (0.29 g, 1 .9 mmol) was added to a S&aed 
15 suspension of 4<aminomethyl)-2K2,6-dioxo(3-piperidyl))isomdolme-M^o^^ 
hydrochloride (0.6 g. 1.85nmiol)inCH3CN(50inl). After stirring for 20 tnin. ethyl 
isocyanatacetate (0.29 g, 2.22 mmol) was added. The mixture was stirred at room 
temperature for 17 hours. Hie solvent was removed in vacuo and the residue was dissolved 
in CH2CI2 (70 ml). The CHjClj solution was washed wifli IN HCl (30 ml), HjO (30 ml), 
20 brine (30 ml) and dried (MgS04). The solvent was removed in vacuo and the residue was 
purified by dirDniatogr!q>hy (SiOj, CHjClj: EtOAc 1:1) to give ethyl 2-[(N-{[2-(2,6- 
dioxo(3-piperidyi))4,3-dioxoisoindolin-4-yl]melhyi}carbamoyOamino]acetate (0.30 g, 

39%) as a white soUd: mp 187-189*C; 'HNMR (DMSO^*) « d 11.14 (s, IH). 7.86-7.70 
(m. 3H). 6.83 (t, J=6.1 Hz, IH). 6.53 (t. J=6.0 Hz, IH), 5.18-5.1 1 (dd, J=5.4 and 12.5 Hz. 
25 IH), 4.65 (d, J=6.0 Hz, 2H), 4.09 (q, J=72 Hz. 2H), 3.79 (d. J=6:0 Hz. 2H). 2.98-2.83 (m, 
IH)! 2.64-2.48 (m, 2H). 2.08-2,04 (m. IH). 1.18 (t. J=7.2 Hz. 3H); »C NMR (DMSO-d^ 6 
d 172.72; 171.01. .169.78, 167.54, 167.00. 158.00. 140.78, 134.57, 133.25. 131.48, 126.95, 
121.66, 60.17, 48.83, 41.58, 38.72. 30.91. 21.97, 14.06; Anal. Calcd. For C„HjoNA: C, 
54.81; H, 4.84; N, 13.46. Found: C, 54.73; H, 4.77; N, 13.35. 

30 
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/y-l^2-f2.6-DiQXo(3-piDeridvnV13-dioxoimmdolig-4-vl1methvlUet hvlaminoV;m^^ 

m 



H H 




1 ,8-Diazabicyclo[5,4,0]undec-7-ene (0.29 g, 1 .90 imnol) was added to a stirred 
suspension of 4-(aminoniethyl)-2-(2,6-dioxo(3-piperidyl))isomdolme-13-<JiQoe . 
hydrochloride (0.60 g, 1 .85 mmol) in CHjCN (50 ml). After stirring for 20 min, ethji 

15 isocyanate (0.16 g, 2.22 mmol) was added. The mixture was stirred at room temperature 
for 17 hours. The solvent was removed in vacuo and the residue was dissolved in CH2CI2 
(70 ml). The CHzClj solution was washed wifli IN HCL (30 ml), HjO (30 wl), brine (30 
ml) and dried (MgS04). The solvent was removed in vacuo and the residue was purified by 
chromatography (SiOj, CHjCli: CH3CN 6:4) to give W^{[2-(2,6-dioxo(3-piperidyl))-l,3- 

20 dioxoisoindolin-4-3d]methyl}(eth>damino)carboxamide (0.2 g, 30%) as a white solid: mp 
173-175 »C; 'H NMR (DMSO-rf«) 5 d 11.13 (s, IH), 7.86-7.69 (m. 3H), 6.44 (t. J=6.1 Hz, 
IH). 6.11 (t, J=5.55 Hz, IH), 5.18-5.11 (dd, J=5.4 and 12.6 Hz, IH), 4.63 (d, J=6.1 Hz, 
2H), 3.07-2.83 (m, 3H). 2.64-2.49 (m, 2H), 2.08-2.04 (m. IH). 0.99 (t, J=7.1 Hz, 3H); "C 
NMR (DMSO-</«) 8 d 172.73, 169.80, 167.58, 167.03, 157.93, 141.15, 134.61, 133.37, 

25 131.49, 126.96, 121.61, 48.83, 38.71, 34.17, 30.92, 21.98, 15.58; Anal. Calcd. For 

C^HigNA + 0.14 H20: C, 56.58; H, 5.1 1; N, 15.53. Found: C, 56.56; H, 5.05; N, 15.28. 



30 
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2-f2.6-DioxoG -piperidvm-4-rf2-furvlmetfavnam^ 



5 




10 To a suspension of 4-amino-2"(2,6-dioxo(3-piperidyl))isoindoline- 1 ,3 -dione (0.55 

g, 2 mmol) in acetic acid (20 ml) was added furan-2-carbaldehyde (0.20 g, 2.05 mmol). 
The mixture was heated to reflux for 5 hours and allowed to cool at room temperature. 
Sodium borohydride (80 mg, 2 mmol) was added to the reaction mixture. The reaction 
mixture was stirred for 24 hours. The solvent was evaporated in vacuo and the residue was 

15 dissolved in ethyl acetate (100 ml), washed with HjO (3 x 100 ml), saturated aqueous 
NaHCOj (2 X 100 ml), brine (1 x 100 ml), and dried. The solvent was evaporated and the 
residue was piuified by chromatography (ethyl acetate/hexane, 1 :1) to give 0.25 g (35%) of 
product as a yellow solid: mp 171-173°C; NMR (DMSO-rf^ 8 1 1 .10 (s, IH), 7.58 (t, 
J=7.1 Hz, 2H), 7.18 (d, J=8.6 Hz, IH), 7.08^.97 (m, 2H), 6.39-636 (m, 2H), 5.06 (dd, 

20 J-5.2 and 12,4 Hz, IH), 4.57 (d, J=6.0 Hz, 2H), 2.96-2.82 (m, IH), 2.63-2.46 (m, 2H), 
2.06-2.02 (m, IH; NMR (DMSO-</^ 6 172.76, 170.01, 168.75, 167.21, 151.97, 145.81, 
142.42, 136.05. 132.09, 117.60, 111.04, 110.42, 109.73, 107.38, 48.57. 30.95. 22.10; Anal. 
Calcd. For CigHjjNjOj : C, 61.19; H, 4.28; N, 11.89. Found: C, 61.02; H, 4.24; N, 11.81. 

25 JSr"r2-(2.6-dioxo(3-piperidvnVl >3-dioxoisoipdn1i'n-4-vn-2-methoxvacetamide 1-29 
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To a suspension of 4-amino-2-(2,6-dioxo(3-piperid>d))isoindoline-l,3-dione (0.55 
g, 2.0 mmol) in THF (30 ml) was added 2-meflioxyacetyl chloride (0.43 g, 4.0 mmol). The 
stirred mixture was heated to reflux for 18 hours. The solvent was evaporated in vacuo and 
the resulting solid was slurried in diethjd ether (20 ml) and filtored to give 0.69 g (100 %) 

5 of product as an ofif-white solid: mp 246-248 "C; 'H NMR (DMSO-d^ 8 1 1. 15 (s, IH), 
10.30 (s, IH), 8.70 (d, J=8.4 Hz, IH), 7.86 (t, J=7.8 Hz, IH), 7.63 (d, J=7.3 Hz, 1H),.5.17 
(dd, J=5.2 and 12.7 Hz, IH), 4.11 (s, 2H), 3.49 (s, 3H), 2.98-2.84 (m, IH). 2.66-2.47 (m, 
2H), 2.12-2.07 (m, IH); NMR (DMSO-rf^) 8 172.67, 169.66, 169.02, 168.25, 166.61, 
136.48, 135.91, 131.24, 124.35, 118.31, 116.04, 71.40. 59.10, 48.96, 30.91,21.94; Anal. 

10 Calcd. For C^^i^fii : C, 55.65; H. 4.38; N, 12.17. Found: C, 55.58; H, 4.40; N, 12.08. 

Mf 2-(2.6-dioxo(3-p iperidvnVl ■3-dioxoisoindolin-4-vllheotanamide 1-30 



15 



20 




To a stirred suspension of 4-aniin0-2-(2,6-dioxo(3-piperidyl))isoindoline-l,3-dione 
(0.55 g, 2.0 mmol) in THF (30 ml) was added heptanoyl chloride (0.59 g, 4.0 mmol). The 
mixture was heated to reflux for 18 hours. The solvent was evaporated in vacuo and the 
resulting solid was slurried in diethyl ether (20 ml) and filtraed to give 0.61 g (79 %) of 

25 product as an oflF-v^te solid: mp 200-2Q2 "C; .'H NMR (DMSO-d^) 5 1 i:i6 (s, IH), 9.65 
(s, IH), 8.48 (d, J=83 Hz, IH), 7.81 (t. J=7.7 Hz, IH), 7.58 (d, J=^.2 Hz, IH), 5.15 (dd, 
. J=4.8 and 12.2Hz, IH), 2.97-2.87 (m, IH), 2.65-2.43 (m, 4H), 2.10-2.06 (m, IH), 1.61-1.58 
(m, 2H), 1.28 (bs, 6H), 0.85 (bs, 3H); "C NMR (DMSOw/«) 8 172.67, 171.96, 169 69, 
167.78, 166.61, 136.62, 136.04, 131.36. 125.97, 118.13. 116.67,48.93, 36.56,30.95, 28.16, 

30 24.69, 21.94, 13.84; Anal. Calcd. For CjoHajNjOj ; C, 62.33; H, 6.02; N, 10.90. Found: C, 
62.14; H, 6.05; N, 10.72. 
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(N-r2-f?,g-<UQ?COf3-PiPCTidvnVl .3-dioxoisoiTidQl i n-4-vncaAaniovi)methvi acetate T.? ^ 



5 




To a stiired suspension of 4-amino-2-(2,6-dioxo(3-piperidyl))isoindoline-U-dione 
(0.55 g, 2.0 mmol) in THF (30 ml) was added (chlorocarbonyl)methyl acetate (0.55 g, 4.0 
mmol). The mixture was heated to reflux for 1 8 hours. The solvent was evaporated in 
vacuo and the resulting soUd was sluiried in diethyl ether (20 ml) and filtered to give 0.56 g 
(75 %) of product as an off-white soUd: mp 234-236 °C; 'H NMR (DMSO-rf^) 5 1 1.15 (s, 
IH). 10.06 (s, IH), 8.55 (d, J=8.3 Hz, IH), 7.87 (t. J=8.0 Hz, IH), 7.65 (d, J=7.2 Hz, \H), 
5.17 (dd, J=5.0 and 12.4 Hz, IH), 4.78 (s. 2H), 2.99-2.85 (m, IH), 2.65-2.52 (m, 2H), 2.22 
(s, 2H), 2.11 -2.07 (m, IH); "C NMR (DMSO-tfs) 8 172.70, 169.69, 169.50, 167.99, 166.57, 
136.40, 135.59, 131.35, 125.34, 1 18.72. 1 16.96. 62.60, 48.98, 30.90, 21.91, 20.41; Anal. 
Calcd. For C.tH^NjOt ; C. 54.69; H, 4.05; N, 1 1.26. Found: C, 54.43; H, 4.05; N, 10.97. 

^^r2-f2,6-dioxof3-piperidvnVl3.dioxoi.sftttirf olin-4-vllnenfanamider-32 




To a stirred suspension of 4-amino-2-(2,6-dioxo(3-piperidyl))isoindoline-l,3-dione (0.55 
2.0 mmol) in THF (30 ml) was added pentanoyl chloride (0.48 g, 4.0 mmol). The stined 
mixture was heated to reflux for 18 hours. The solvent was ev^orated in vacuo and the 
resulting soUd was slurried in diethyl ether (20 ml) and filtered to give 0.61 g (85 %) of 
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product as an off-white solid: mp 178-179 »C; 'H NMR (DMSO-rf,) 6 11.17 (s, IH), 9.65 
(s, IH), 8.50 (d, J=8 J Hz, IH), 7.82 (t, J«^.5 Hz, IH), 7.59 (d. J=72 Hz, IH), 5.18 (dd, 
J=5.0 and 12.4 Hz, IH), 2.99-2.89 (m, IH), 2.68-2.45 (m, 4H), 2.13-2.09 (m, IH), 1.69- 
1.57 (m, 2H), 1.44-1.30 (m, 2H), 0.92 (t, J=7.2 Hz. 3H); "C NMR (DMSOi/^ 5 172.72, 
5 171.99, 169.73, 167.83, 166.64, 136.64, 136.07, 131.36, 125.96, 118.15, 116.68, 48.97. 
36.32, 30.97, 26.88, 22.03, 21.70, 13.64; Anal. Calcd. For CigHisNjO, : C, 60.50; H, 5.36; 
N, 11.76. Found: C, 60.10; H, 5.37; N, 11.58. 

J\^r2-f2.6-dioxo(3-piDeridvnV13-dioxoisoindolin-4.v1 1-2-tMeirvicaiboxamideM^^ 

10 




To a stirred suspoision of 4-aminD-2-(2,6-dioxo(3-pipQridyl))isoindoline-l ,3-dione 
(0.55g, 2.0 nunol) in THF (30 ml) was added thiophaie-2-carbonyl chloride (0.59 g, 4.0 
mmol). The mixture was heated to reflux for 18 hours. To flie reaction mixture was added 
additional tbiophene-2-caibonyl chloride (0.30 g, 2 nunol). The mixture was heated to 
reflux for an additional 8 hours. The solvmt was evaporated in vacuo and tiie resulting 
solid was slurried in diethyl eflia: (20 ml) and filtered to give an of off-white solid which 
was recrj«tallized from acetic acid to give 0.50 g (65 %) of product: mp 284-286 °C; *H 
NMR (DMSO-d^i 8 11.19 (s, IH), 10J4 (s, IH), 8.47(d, J=8.3 Hz, IH). 7.98-7.86 (m, 3H), 
7.68 (d, J=7.3 Hz, IH). 7.29 (dd, J=^.0 and 4.8 Hz, IH), 5.19 (dd, J=^.4 and 12.6 Hz, IH), 
2.99-2.85 (m, IH), 2.67-2.49(m, 2H), 2.12-2.08 (m, IH); "C NMR (DMSO-<Q 5 172.72, 
169.69, 167.96. 166.60. 159.67, 138.02, 136.26, 136.19, 133.26, 131.42, 129.91, 128.58, 
126.42, 118.82, 1 17.94. 49.00, 30.93, 22.00; Anal. Calcd. For C,8H,jN30jS : C, 55.77; H. 
3.54; N, 10.60. Found: C. 55.67; H, 3.36; N, 10.42 + 0.2 AcOH + 0.05 H^O. 
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Metbvi m42-{2.6-<aoxof3-niiierich^nV1.3.diQxm-somdolin-4.vnp ^ amovn^ 1-34 



5 




To a stirred suspension of 4-amino-2-(2,6-dioxo(3-piperidyl))isoindoline-l,3-dione 
(0.55g, 2.0 mmol) in THF (30 ml) was added methyl (chlorocarbonyl)fonnate (0.49 g, 4.0 
mmol). The mixture was heated to reflux for 18 hours. The solvent was evaporated in 
vacuo and the resulting solid was slurried in diethyl ether (20 ml) and filtered to give 0.55 g 
(76 %) of product as an off-white solid: mp 247-249 "C; 'H NMR (DMSO-rf^) 8 11.17 (s, 
IH), 10.81 (s, IH), 8.59 (d, J=8.3 Hz, IH), 7.92 (t, J=7.7 Hz, IH), 7.70 (d, J=7.3 Hz, IH), 
5.19 (dd, J=5.0 and 12.5 Hz, IH), 3.91 (s, 3H). 2.98-2.85 (m, IH), 2.68-2.50 (m, 2H), 2.14- 
2.09 (m, IH); "C NMR (DMSCW«) 8 172.70, 169.63, 168.03, 166.45, 159.81, 154.57, 
136.65, 134.93, 131.36, 124.67, 119.34, 117.17, 53.80, 49.06, 30.92, 21.94; Anal. Calcd. 
For C,sH,3N,0, : C, 53.49; H, 3.65; N, 11.70. Found: C, 53.53; H. 3.66; N, 1 1.52. 

i\^-r2-f2.6-dioxo('3-piDCTi dvnV1.3-dioxoisoindQlin-4-vll-2-furvIcflTWaTni^^ 



25 



30 




To a stirred suspension of 4-anuno-2-(2,6-dioxo(3-piperidyl))isoindoIine-l,3-dione 
(0.55 g, 2.0 mmol) in THF (30 ml) was added furan-2-carbonyl chloride (0.52 g, 4.0 
mmol). The mixture was heated to reflux for 1 8 hours. To the reaction mixture was added 
35 additional furan-2-carbonyl chloride (0.26 g, 2 mmol). The mixture was heated to reflux 
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for an additional 8 hours. The solvent was ev^orated in vacuo and fbe resulting solid was 
sluiried in di^yl eflier (20 ml) and filtered to give 0.65 g (88 %) of product as an ofif-white 
solid: mp 299-301 °C; 'H NMR PMSO^<) 511.19 (s, IH), 1037 (s, IH), 8.68 (dd, J=1.4 
and 8.4 Hz, IH), 8.06 (s, IH), 7.90 (t, J==8.1 Hz, IH), 7.65 (d, J«7.3 Hz, IH), 7.39 (d, J=3.5 
5 Hz, IH), 6.79 (dd, J=1.5 and 3.2 Hz, IH), 5.19 (dd, J=5.1 and 12.5 Hz, IH)^ 2.98-2.84 (m, 
IH). 2.67-2.49(m, 2H), 2.13-2.08 (m. IH); "C NMR (DMSCWj) 5 172.66, 169.62, 168.44, 
166.59, 155.71, 146.80, 146.34, 136.55, 136.23, 136.12, 131.30, 124.86, 118.54, 116.64, 
113.06, 48.98, 30.90, 22.01; Anal. Calcd. For C,gH,3N,0« : C, 58.86; H, 3.57; N, 11.44. 
Found: C, 58.69; H, 3.54; N, 1 1.41. 

10 

A^r2-<'2.6-dioxoG-pipaidvl)V13-dioxoisoindolin-4-vllbenzanddeI-36 



15 




To a stirred suspension of 4-aniino-2-(2,6-dioxo(3-piperidyl))isoindoline-13-dione 
(0.55 g, 2.0 namol) in THF (30 ml) was added benzojd chloride (0.56 g, 4.0 mmol). The 
mixture was heated to refliix for 1 8 hours. To the ruction mixtote was added additional 
braizoyl chloride (0.28 g, 2.0 mmol). The mixture was heated at leflux for an additional 8 
hours. The solvent was evirated in vacuo and Ihe resulting solid was slurried in diethyl 
ether (20 ml) and filtered to give an of off-white solid which was recrystallized fiom acetic 
acid to give 0.49 g (65 %) of product: mp 268-270 "C; 'HNMR (DMSCWj) 5 11.18 (s, 
IH), 10.43 (s, IH), 8.64-8.59 (m, IH), 8.00-7.89 (m, 3H), 7.72-7.60 (m, 4H), 5.19 (dd, 
J=5.2 and 12.5 Hz, IH), 2.98-2.84 (m, IH), 2.66-2.50(m, 2H), 2.12-2.07 (m. IH); "C NMR 
(DMSO-rftf) 6 172.62, 169.59, 168.16, 166.64, 164.91, 136.50, 136.36, 13323, 132.67, 
131.36, 129.06, 127.24, 126.00, 118.74, 117.74, 48.98, 30.89, 21.98; AnaL Calcd. For 
CzoH^NjOj : C, 63.02; H, 4.08; N, 10.90. Found: C, 63.05; H, 4.06; N, 10.69 + O.ll AcOH 
+ O.O8H2O. 
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Ar-f2.rX6^oy or3.nmeridvi^Vl .3-dioxoisoindoUn-4-vnprQpanamide 1-37 




10 

To a stirred suspension of 4-aimno-2-(2,6-dioxo(3-piperidyl))isoindoline-l,3-dione 
(0.55 g,2.0mmol)inTHF(30ml)wasaddedpropanoylcUoride(0J7g,4.0inmol). The 
mixture was heated to reflux Sot IS houxs. The solvent was evaporated in vacuo and the 
* resulting soUd was slurried in diethyl ether (20 mi) and filtered to give 0.58 g (88 %) of 

15 product as an off-white soUd: mp 221-223 »C; 'H NMR (DMSO-d«) 5 1 1.15 (s. IH), 9.65 
(s, IH). 8.50 (d, J=8.3 Hz, IH), 7.83 (t, J=7.6 Hz, IH), 7.60 (d, J=7.2 Hz, IH). 5.16 (dd, 
J=5.2 and 12.6 Hz, IH). 2.99-2.85 (m, IH), 2.66-2.45 (m, 4H). 2.1 l-2.07(m, IH), 1.14 (t, 
J=^.5 Hz, 3H); "CNMR(DMSO-rf«) 8 172.69, 172.65, 169.71, 167.79, 166.62, 136.65, 
136.09, 131.35. 125.93, 118.12, 116.66, 48.91, 30.91, 29.73, 21.97, 9.13; Anal. Calcd. For 

20 CjHjjNjO, : C. 58.36; H, 4.59; N. 12.76. Found: C. 58.01; H, 4.45; N, 12.61. 



Methvi 3- W-r2-(2.6-dioxo(3-piperidvl)V13-dioxoisoindolm-4-^1caih atnnvl>piin panoate I- 
38 



25 



MeO, 



30 




To a stirred suspension of4-aniino-2-(2,6-dioxo(3-piperidyl))isoindoIine-l,3-dione 
(0.55 g, 2.0 nunol) in THF (30 ml) was added methyl 3-(chlorocarbonyl)propanoate (0.63 
35 g,4.0mmol). The mixture was heated to reflux for 18 hours. The solvent was evaporated 
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in vacuo and the resulting solid was slurried in diethyl ether (20 ml) and filtered to give 
0.75 g (97 %) of product as an ofif-white solid: mp 224-226 "C; 'H NMR (DMSO-d^) 5 
11.18 (s. IH), 9.79 (s. IH), 8.43 (d, J=8.4 Hz, IH), 7.83 (t, J=7.8 Hz, IH), 7.62 (d, J=7.3 
Hz, IH), 5.16 (dd, J=5.2 and 12.6 Hz, IH), 3.61 (s, 3H), 2.99-2.48 (m, 7H), 2.11-2.06 (m, 
5 IH); "C NMR pMStWj 5 172.84, 172.66, 170.94, 169.75, 167.61, 166.70, 136.39, 
136.15, 131.52, 126.39, 118.43. 117.04,51.51,48.95,31.22,30.96,28.39,22.03; AnaL 
Calcd. For CigH^NjO, : C, 55.82; H, 4.42; N. 10.85. Found: C, 55.68; H, 4.41; N, 10.61. 

A/^r2-(2.6-dioxo(3-pineridvnV1.3.dioxoi«.indolin-4-vn-2-nhe nvlacet^^ 

10 




To a stilted suspension of 4-amino-2-(2,6.dioxo(3-piperidyl))isoindoline-l,3-dione (0.55 g, 
20 2.0 mmol) in THE (30 ml) was added 2-phenylacet>'l chloride (0.62 g, 4.0 mmol). The 
mixture was heated to reflux for 18 hours. The solvent was ev^orated in vacuo and the 
resulting solid was slurried in diethyl ether (20 ml) and filtered to give 0.72 g (92 %) of 
product as an oflF-white solid: mp 217-218 "C; 'H NMR (DMSO-dj) 611.15 (s, IH), 9.79 
(s, IH), 8.49 (d, J=8.4 Hz, IH). 7.82 (t. J=7.9 Hz. IH), 7.60 (t, J=^.3 Hz, IH), 7.41-7.27 
25 (m. 5H). 5.13 (dd, J=5.1 and 12.7 Hz, IH), 3.85 (s, 2H), 2.98-2.83 (m, IH). 2.64.2.44(m. 
2H). 2.08-2.04 (m. IH); "C NMR (DMS(W<^ 5 172.71. 170.07. 169.74. 167.60. 166.61, 
136.38. 136.10. 134.70, 131.41, 129.41. 128.58. 126.97, 125.96, 11839, 116.90,48.89, 
43.47, 30.90. 21.91; AnaL Calcd. ForCj,H„N305 : C, 64.45; H, 4.38; N, 10.74. Found: C, 
64.23; H, 4.34; N. 10.53. 
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A^[2-f2.6-4ioxof3-piperidvnVlJ-dioxoisoindolin-4-vl1-2-pvridvlcaifaoxam id^ 



5 




10 

To a stirred suspension of 4-amino-2-(2,6-dioxo(3-piperidyl))isoindoUne-l,3-dione (0.55 g, 
2.0 mmol) in THDF (30 ml) was added pyridine-2-carbonyl chloride hydrochloride (0.71 g, 
4.0nimol). The mixture was heated to reflux for 18 hours. The solvent was evaporated i» 
vacuo and flie resulting solid was slurried in a biphasic mixtiure of dieth;^ dbec (20 ml)/20 

15 % NH4OH (20 ml) and filtered to give an off-white solid. T^e solid was le-slurried in 
meflianol (20 ml) and filtered to give 0.30 g (40 %) of product: mp 336-338 "C; NMR 
(DMSO-rffi) S 11.83 (s, IH), 11.20 (s, IH), 8.92 (d, J=8.4 Hz, IH), 8.81 (d, 1=3.6 Hz, IH), 
8.22 (d, J=7.7 Hz, IH), 8.15 (t, J=7.4 Hz, IH), 7.92 (t, J=7.7 Hz, IH), 7.77-7.72 (m, IH), 
7.65 (d, J=7.2 Hz, IH), 5.22 (dd, J=5.2 and 12.5 Hz, IH), 3.00-2.86 (m, IH), 2.69-2.52(m, 

20 2H), 2.15-2.11 (m, IH); "CNMROOMSO-rf^) 5 172.67, 169.67, 168.20, 166.61, 162.69, 
148.83, 148.19. 138.45, 136.50, 136.16. 131.39, 127.72, 124.23, 122.46, 118.29, 116.32, 
48.96, 30.91, 21.98; AnaL Calcd For C„H,4N405 : C, 60.32; H, 3.73; N, 14.81. Found: C, 
60.05; H, 3.57; N, 14.45. 

25 V-r2-(2.6-dioxof 3-piperidvnVl .3-dioxoisQindolin-4->d1-2-chlom ar.e*{^Ti[lidft T-41 
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To a Stilted su^ension of 4-amino-2-(2,6-dioxo(3-piperidyl))isomdoIme-l,3-dione 
(1.37 g, 5.00 mmol) in THF (30 ml) was added chloroacetyl chloride (0.62 g, 5.5 mmol). 
The mixture was heated to reflux for 30 minutes. The solvent was evaporated in vacuo and 
the resulting solid was slurried in diethyl e&er (20 ml) and fQtered to give 1 .67 g (96 %) of 
5 product as an off-white soUd: 'H NMR (DMSO-</^) 6 11.18 (s, IH), 10.31 (s, IH), 8.54 (d, 
J=8.4 Hz. IH), 7.88 (t, J=7.7 Hz, IH), 7.68 (d, J=7.3 Hz, IH), 5.17(dd, J=5.2 and 12.7 Hz, 
IH), 4.54 (s, 2H), 2.90-2.85 (m, IH), 2.65-2.5 1 (m, 2H), 2.10-2.06(m, IH). 

2-azido-iV'-f2-('2.6-dioxof3-piperidvl'>'>-1.3-dioxoisoindolin-4-YnacetfliriideT-4l 



15 




To a suspension of N-[2-(2,6-dioxo(3-piperidyl))-l,3-dioxoisoindolin-4-yl]-2- 
20 chloroacetamide (1 .53 g, 4.4 mmol) in acetone (30 ml) was added sodium azide (0.43 g, 6.6 
mmol). The mixture was heated to refhix for 18 hours. The solvent was evirated in 
vacuo to give 1.49 g (96 %) of product as an ofiF-white solid: 'H NMR (DMSO^Q 8 1 1.19 
(s, IH), 10.20 (s. IH), 8.49 (d, J=8.3 Hz, IH), 7.88 (t, J=7.7 Hz, IH), 7.68 (d, J=<7.3 Hz, 
IH), 5.17(dd, J=5.1 and 12.7 Hz, IH), 4.34 (s, 2H), 2.99-2.84 (m, IH), 2.65-2.47 (m, 2H), 
25 2.09-2.00 (m, IH). 

2-AnTino-Ar-r2-f2.6-dioxoG-piDeridvd^V1.3-dioxoiaoindolin-4-vl1aa5 tamideI^^ 
hydrochloride 
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To a solution of 2-azido-iV-[2-(2,6Hiioxo(3-piperidyl))-U-dioxoisoindolm-4-yl]ace^ 
(1.49 g, 4.2 mmol) in methanol (50 ml) was added 10% Pd-C (0.1 g). Hydrogenation at 50 
psi of hydrogen in a Parr Type shaker for 2 hours yielded a slurry. The mixture was filtered 

5 leaving a gray solid that was stirred in HjO (50 ml). The pH of flie aqueous mixture was 
adjusted to 4 by addition of 3N HCl. The aqueous mixture was filt«ed thiou^ celite to 
remove catalyst and the filtrate was stirred with 50 ml of eth^d acetate for 3 horns. The 
aqueous layer was separated and was ev^oiated in vacuo to give a solid wHch was shuried 
in ethyl acetate and filtered to give 0.72 g (45%) of product as an oflF-white soKd: mp 305- 

10 307 "C; 'H NMR (pUSO-d,) S 11.17 (s. IH), 10.35 (s. IH), 8.44 (bs, 3H), 8.32 (d. J=8.2 
Hz, IH), 7.90 (t, J=8.0 Hz, IH), 7.71 (d, J=7.2 Hz, 1H).5.16 (dd, J=5.1 and 12.6 Hz, IH), 
3.97 (s, 2H), 2.99-2.84 (m, IH), 2.65-2.46 (m, 2H), 2.10-2.06(m, IH); '^C NMR (DMSO- 
dg) 6 172.81, 169.80. 166.75, 166.56, 166.19, 136.19, 134.91, 131.89, 127.62, 119.47, 
118.68, 48.96, 41.13. 30.94, 22.00; Anal. Calcd. For CisH^ClNA: C, 48.62; H, 4.19; N, 

15 15.12. Found: C, 48.68; H, 4.18; N. 15.05 + 0.21 HjO. 

j\/^r2-f2.6-dioxof3-piperidvm-l-oxo isoindolin-4.vn-2-chloTQace tainideT-44 



20 




To a stirred suspension of 3-(4-amino-l-oxoisoindolin-2-yl)piperidine-2,6-dione 
(3.89 g, 15.0 mmol) in THE (50 ml) was added chloroacetjd chloride (1.86 g, 16.5 mmol). 
The mixture was h^ted to reflux for 45 minutes. To the reaction mixture was added 
additional chloroaceQl chloride (0.15 g, 0.13 mmol). The reaction mixture was heated at 
reflux for an additional 30 minutes. The solvent was evjq)orated in vacuo and the resulting 
solid was slurried in diethyl ether (20 ml) and filtered to give 4.64 g (92 %) of product as an 
oflf-white solid: 'H NMR (DMSO-d^ 5 11.04 (s, IH). 10.22 (s, IH), 7.82 (dd, J=1.6 and 
7.2 Hz, IH). 7.59-7.50 (m, 2H), 5.16 (dd, J=5.1 and 13.2 Hz, IH), 4.46-4.30 (m, 4H), 3.00- 
2.85 (m, IH), 2.65-2.58 (m, IH), 2.44-2.28 (m, IH), 2.06-2.01 (m, IH). 
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2-az^(to-JVlr2-f2,MQX0^-^^pmdvnVl■oxoknit;,^^l ^ n-4-vl^acefam 




10 To a stirred suspension of N-I2-(2,6-<iioxo(3-piperidyl)>l-oxoisoindolin-4-yl].2- 

chloroacetamide (4.64 a. 13.8 nimol) in acetone (6anJ) wasaddedfiO(UTO 
20.7 mmol). The mixture was heated to reflux for 18 hours. After 18 hours, to the reaction 
mixture was added Nal (2.05 g, 13.8 mmol) and additional sodium azide (0.90 g, 13.8 
tnmol). The mixture was heated at reflux for an additional 18 hours. The solvent was 
15 evaporated in vacuo to give an off-white solid which was slurried in a mixture of 

dichloromelhane (50 ml) and H^O (50 ml). This slurry was filtered to give 4.39 g (93 %) of 
product: 'H NMR (DMSO-rf^ 5 1 1.50-9.52 (bs, 2H), 7.87-7.84 (m, IH), 7.59-7.50 (m, 
2H), 5.17 (dd, J=5.0 and 13.1 Hz, IH). 4.44 (d, J=17.6 Hz, IH), 4.34 (d, J=17.6 Hz, IH), 
4.13 (s. 2H), 3.00-2.86 (m. IH). 2.65-2.59 (m, IH), 2.44-2.29 (m. IH), 2.07-2.02 (r^ 11^. 



20 



2-Amino-V-r?.-f2.6-dioxor3-niperidvnvi-nv o isoindolin.4.vliacetaniiHftl-4/; , 
hydrochloride 



25 



30 




To a stirred suspension of 2-a2ido-iV-[2-(2.6-dioxo(3-piperidyl))-l^xoisoindolin-4. 
yljacetamide (1.49 g, 4.20 mmol) in amixture of methanol (50 ml) and 3NHa (6 ml) was 
added 10% Pd-C (0.1 g). Hydrogenation at 50 psi of hydrogen in aPair Type shaker for 24 
hours gave a slurry. The mixture was filtered leaving a gray solid that was stined in H^O 
(100 ml). The aqueous mixture was filtered through ceKte to remove catalyst. The aqueous 
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10 



and methanolic filtrates were combined and evaporated in vacuo to give a white soUd. Tte 
solid was slurried in ethyl acetate (20 ml), filtered, re-slurried in methanol (20 ml) and 
filtered to give 2.35 g (48 %) of pioduct: mp 293-295 «C; 'H NMR (DMS(W^ 5 11 06 (s 
IH), 10.86 (s. IH), 8.45 (bs, 2H), 7.90 (d. J=6.3 Hz. IH). 7.59-7.51 (m. 2H). 5.17 (dd. ' 
J=4.9 and 13.0 Hz, IH), 4.54 (d, 1=17.8 Hz, IH). 4.39 (d, J=17.8 Hz. IH). 3.91 (s. 2H). 
3.02-2.88 (m, IH), 2.68-2.61 (m, IH), 2.37-2.23 (m, IH), 2.09-2.05 (m. IH); "C NMR 
(DMSO-rf,) 8 172.94, 171.07. 167.74. 165.24. 133.73. 132.86. 128.95. 125.01, 11965 
51.59, 46.74, 40.90. 31.22. 22.82; Anal. Calcd. For C„H.,C1NA: C. 50.43; H. 4.94; N 
15.68. Found: C. 50.08; H. 4.92; N, 15.53 + 0.25 HjO. 

3-(4-rf2-FurYlmetbyl)amino1-lHiYotsoindnlin-9.Yl}p .-peridine-2fi-Hinn.i-^7 



15 




To a stilted suspension of 3-(4-amino-l-oxoisoindolin-2-yl)piperidine-2,6.dione 
(0.52 g. 2.0 mmol) in methanol (50 ml) was added fiiian-2-caibaldehyde (0 200 g 2 05 
nmiol). Themixtuiewasheatedtorefluxfor4hour8. The solvent was evaporated «, 
vacuo and the residue was dissolved in acetic add (20 ml). Sodium triacetoxyborohydride 
(0.450g.2.05mmol)wasaddedtothereactionmixture. The reaction mixture was stirred 
for 24 hours. The solvent was evaporated in vacuo and ih^ residue was dissolved in ethyl 
acetate (100 ml), washed with H,0 (3 x loo „j), saturated aqueous NaHCO, (2 x loo ml) 
brmed x 100 ml). and dried over MgSO,. H^e solvent was evaporated i>,vaa«, and the ' 
residue was partially purified by chromatography (1 00 % ethyl acetate) to give an off-white 

30 248-250oC;'HNMR(DMSa.^5ll.02(s.lH).7.57(s.lH).7.^ 

J=73Hz. lH).6.85(d, J=8.0Hz. lH).6.36(d. J=11.2Hz.2H).6.22(U-5.4Hz. IH). 

5.2(d4J^^andl3.1Hz,lH).4.37(d.J=5.5Hz,2H),4.27(d.J=l7.2Hz.lH).4^ 

m '"^^ ^"^ IH)' 2 08-1.99 (m. 

IH); NMR (DMSO-^,) 8 172.83. 171.16. 168.70. 152.82. 143.06. 142.00. 132 09 
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129.02. 126.76. 112.35, 110.63. 110.33. 107.08. 51.50, 45.73. 31.20. 22.75; AnaL Calcd. 
For C„H,7N,04 : C. 63.71; H, 5.05; N. 12.38. Found: C, 63.41; H, 5.03; N, 11.98. 

3-ri-Qxo-4-(Dentv1aniinn)i soindolin-2-Yl]piDeridine-2fi-dioneI-48 



10 




O 

To a stirred solution of 3-(4-amino-l-oxoisoindolin-2-yI)piperidine-2,6-dione (0.52 
g, 2.0 nrniol) in DMF (10 ml) was added pentanal (0.26 g, 3.0 mmol), acetic acid (0.24 g, 

15 4.0 mmol), and sodium triactoxyborohydride (0.85 g, 4.0 mmol). The reaction mixture was 
stiired at room temperature for 6 hours. The solvent was evaporated in vacuo and the 
residue was dissolved in efliyl acetate (100 ml), washed with H2O (3 x 100 ml), brine (1 x 
100 ml), and dried over MgS04. The solvent was evaporated and the residue was partiaUy 
purified by chromatography (ethyl acetate^exane, 75:25) to give an off-white soUd which 

20 was slunied in ethyl acetate and filtered to give 0.14 g (21 %) of product as a white solid: 
mp 244-246 »C; 'HNMR(DMSO-rf^ 6 11.00 (s. IH). 7.28 (t. J=7.7 Hz. IH). 6.92 (d. J=7.3 
Hz. 11^. 6.73 (d, J=8.0 Hz. IH), 5.54 (t. J=53 Hz, IH). 5.12 (dd, J=5.1 and 13.2 H2,'lH). 
4.24 (d. J=17.2 Hz. IH). 4.13 (d. J=17.2 Hz, IH) 3.15-3.07 (m, 2H), 3.00-2.86 (m, IH), 
2.65-2.59 (m, IH). 2.39-2.23 (m, IH), 2.08-1.99 (m, IH), 1.61-1.57 (m, 2H). 1.41-1.32'(m. 

25 4H), 0.89 (t. J=6.8 Hz. 3H); »C NMR PMSO-di) 5 172.83, 171.19. 168.86. 143.74, 
132.00. 129.15, 126.42, 111.66. 109.86. 51.46. 45.69, 42.68, 31.20. 28.80. 28.21. 22.79. 
21.96. 13.89; AnaL Calcd. For C,^aNA : C. 65.63; H, 7.04; N, 12.76. Found:*C, 65 69- 
H, 7.22; N, 12.55. . 
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3-(2•Metfaoxv-ethvlann•^ln^■p hthalic acid Aim, ^ ] fY^ 

XOjCHj 




To a stirred solution of oxalyl cWoride (1.75 ml, 20 mmol) in methylene chloride (20 ml) 
10 under a nitrogen atmosphere at -78"C was added DMSO (1.42 ml. 20 mmol) in methylene 
chloride (10ml) dropwise over 5 minutes. The mixture was stirred for 5 minutes followed 
by the dropwise addition of 2-methoxyethanol (1 .58 ml, 20 mmol) in methylene chloride 
(10 ml) over 5 minutes. The mixhire was stirred for 20 minutes followed by the dropwise 
addition of triethyiamine (8.36 ml. 60 mmol) over 5 minutes. The resulting suspension was 

15 stirred for 30 minutes at -78°Candlhen allowed to warm to room temperature. The 
reaction mixture was diluted with methylene chloride (20 ml). To this stirred mixture was 
added S-amino-phthalic acid dimethyl ester (2.09 g, 10 mmol) and acetic acid (4.60 ml, 80 
mmol). The mixture was stirred at room temperature under a nitrogen atmosphere for 5 
minutes followed by the addition of sodium triacetoxyborohydride (4.24 g. 20 nunol). The 

20 mixture was stirred for 3 h. The reaction mixture was dihited wifli methylene chloride (50 
ml) and washed with water (3x100 ml), saturated aqueous sodium bicarbonate (2x100 ml), 
brine (100 ml), and dried (MgSO^). The sohrent was evaporated in vac«o and the residue ' 
purified by chromatogr^hy (25% e&yl acetate/hexane) to give 2.24 g (84%) of product as 
an oil. 'Hl>JMR(DMSO-rf,)d7.32(t, J=8.0H2. IH). 6.88-6.79 (m, 3H), 3.85 (s, 3H), 3.83 

25 (s, 3H). 3.62 (t, J=5.4 Hz, 2H). 3.41 (s, 3H), 3.35 (q, J=5.2 Hz, 2H). 
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3-(2-Metfaoxv-ethv1amiT^n).p ^ithalic acid 



COOH 




10 



To a stirred solution of 3-(2-methoxy-ethylamino)-phthaIic acid dimethyl ester (224 
& 8.38 imnol) in methanol (50 ml) was added 5N potassium hydroxide (10 ml). Tbs 
mixture was stirred at room temperature overnight The solvent was evapoi^ in vacuo 
and the residue dissolved in water (50 ml). The water was washed with diethyl ether (2 x 
75 ml). The aqueous portion was cooled in an ice bath and the pH was adjusted to 2-3 by 
dropwise addition of concentrated hydrochloric acid. The aqueous solution was then 
15 extractedwithethylacetate(3x75ml). The combined ethyl acetate extracts were washed 
with brine (100 ml) and dried (MgSO^). The solvent was evaporated in vacuo and the 
residue, which contained amixture of diacid and monomethyl esters, was used without 
fiirther purification. 



2-f2,6-Pioxo-pipaidin-3-vl>-4-r2-methoxv.ethvlpm,no i.isoindQle-l/t^.nn. 



1-49 



25 




To a stirred solution of 3.(2.methoxy-ethylamino)-phtbaHc add (8.38 mmol) in 
30 PJTidine (40 ml) was added 3-aniino-piperidine-2,6-dione hydrochloride (1.39 g. 8.42 
mmol). The reaction mixture was heated to reflux for 5 hours. The solvent was evaporated 
in vacuo and the residue dissolved in methylene chloride (125 ml). The methylene chloride 
mixture was treated withNorit (2 g), washed with water (2 x 100 ml). O.IN HCl (1 x 100 
ml), brine (1 x 100 ml), and dried (MgSOJ. The solvent was evaporated in vacuo and the 
residue (oil) crystallized fiom a minimal amount of ethanol to give a yellow soUd that was 
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punfied by preparative mw to give 1.71 g(64%) of product as a yeUow solid: mp 182- 
mX; 'H NMR (pMSO-d^ d 1 1.12 (s, 1H),7.58 (t. J=7.7 Hz.lH). 7.12 (d. J=8.5 Hz, IH) 
7.04 (d. 1=6.9 Hz. IH), 6.59 (bs, IH). 5;07 (dd, J« 4.7 and 12.1 Hz. IH). 3.54-330 (m. 7H) 
2.95-2.85 (m, 1 H). 2.64-2.52 (m, 2H), 2.07-2.02 (m. IH); »C NMR (DMSO-rf^ d 172 79 ' 
5 170.06. 168.98. 167.27, 146.38. 136.21. 132.07. 117.33. 1 10.67. 109.24. 70.39 58 12 " ' 
48.58. 41.50. 30.99. 22.15; Anal. Calcd. For €,^.^30, : C. 58.00; H. 5.17; H 12.68^ 
Found: C, 58.06; a 5.12; N. 12.76. 

?-Benzvloxv.N-r2-f?, 6-dio?,o.pipendin.VvlVl Vdiovn,. .^^K^ ^-,rx ^ 
acetamideT-fin ' ^ 




Toasuspensionof4-anrino.2-(2.6-dioxo(3-piperidyl))isoindoline-1.3-dione(1.10g 4 
nmiol)inraF(30nd)wasaddedbenzyloxyacetylchloride(1.26ml.8mmol) The 
mixture was heated to reflux for 18 hours. The reaction was cooled to room temperature 
methanol (2 ml) was added, and the mixture stirred for 1 hour. The solvent was evaporated 
m vacuo and the residue was slurried in diethyl ether (30 ml), filtered, recrystallized from a 
mmmial amount of acetic acid, slmiied in ethyl acetate (15 ml), and filtered to give 1 35 g 

(80o/o)ofproduct:mp204-206''C;'HNMR(DMSO-J^dllJ20(s.lH),10.40(s IH) 
8.71 (d. J=8.4 Hz. IH). 7.86 (t. J=7.9 Hz. IH). 7.64 (d. J=7.2 Hz. IH). 7.50^7.28 (m. 51^ 
5.17 (dd. J=5.0 and 12.5 Hz. IH). 4.72 (s. 2H). 4.21 (s. 2H). 2.99-2.85 (m. IH). 2.67-2.51 
(m.2H). 2.12-2.08 (m. IH); "CNMR(pMS(W^d 172.78. 169.78. 169.01. 168.27 
166.67. 137.04. 136.52. 135.93, 131.29. 128.36. 127.82. 124.40. 118J8, 116.08. 72.78, 
69.23. 48.97. 30.92. 21.98; Anal. Calcd. For Cyi.^,©, : C. 62.70; H. 4.54; N, 9.97. 
Found: C. 62.77; H, 4.54; N, 9.82. 
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3-PentyIainino-phthaliV. ari«^ dimertiy' '^r 

"C02CH3 



9; 



ToaM™isoluaonof3.amino-plilhalio«iddm.«M«ter(3.14g. 15m,oI)m 

O5,m^„l)3adae«icacid(5.l8ml,90,»mol). Tl»mi««r=wa.sS™ifor5n™«es 
Mowed by addiSoa of sodium tt«co.o»ybombydride (6J6g,30 «„oO. 
stored for 30 minutes, diluted »ia meU,yle„e chloride (50 ml),™d««i wia water (2 x 100 
ml), saturated aqueous sodium bicarbonate (2 x 100 ml), brine (100 mlX and dHed 
15 ?"°'™'""'"'*""^''*'"'''^'°«i'''' '98<'fpr"d"Ot(100%),ha.used 

TT>T^r^^ .HNMR(DMSWJd7.31 (U=7.9 Hz, IH), 6.81^.75 (m. 
«m So '■«-'^^('^4H,.or(,. 



20 



3-PentvlaTi[^mo-phthalir amVi 



25 




COOH 



:00H 



30 



3-Pent5damino-phthaKcaciddimeth3^ester(4.19. 15 nunol) was treated in the same 
manner as describedab^^^ 

llie pn,duct of the reaction, Miiich cc^tained a mixture of ^^^^ 
was used without further purification. 
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2.<?,^Dioxo-pipMidin-3.vn-4-nmtvlftrnmfw.-«nf t,^ ole-lJ-dioneI-51 




To a stirred solution of S-pentylainino-phthalic acid (2.51 g, 10 imnol) in acetic acid (50 
ml) was added 3-amino-piperidine-2,6-dione hydrochloride (1.81 g, 1 1 mmol). The 
reaction mixture was heated to reflux overnight The solvent was evaporated m vacuo and 
the residue dissolved in ethyl acetate (1.00 ml). The ethyl acetate mixture was washed with 
vfatec (2 x 100 ml), saturated aqueous sodium bicarbonate (2 x 100 ml), brine (1 x 100 ml), 
and dried (M.g^O^. The solvent was evaporated in vacuo and the soUd residue was 
purified by chromatography (25% ethyl acetate/hexane) to give 1.82 g (53%) of product as 
aydlow solid: mp 141-143°C; 'H NMR (DMSO-rf,) d 11.09 (s, IH). 7.58 (t, J=8.3 Hz,lH). 
7.08 (d. J=8.6 Hz, IH), 7.02 (d. J=7.0 Hz. IH), 6.519 (t, J=5.7 Hz, IH), 5.06 (dd, J= 5.3 
and 12.4 Hz, IH), 3.32-3.25 (m. 2H), 2.97-2.82 (m. 1 H), 2.62-2.46 (m, 2H). 2.06-2.01 (m. 
IH). 1.61-1.55 (m, 2H), 1.35-1.32 (m, 4H), 0.88 (t. J=6.7 Hz, 3H); »C NMR (DMSO-rfJ d 
172.72. 170.01, 168.92, 167.25, 14639, 136.21, 132.14, 117.08, 110.31, 108.99. 48.52. " . 
41.77. 30.94, 28.46, 28.33. 22.12. 21.82, 13.85; Anal. Calcd. For C,8H2,N304 : C, 62.96; H, 
6.16; N, 12.24. Found: C, 62.92; H, 6.17; N, 12.15. 

3-CMoiD-N-r2-f2.6-dioxo-piperidin-3-vl Vl.3-dioxo-23-dihvdro-lH-i.winrfnl-4.y l ^ 
benzamideI-52 
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To a suspension of 4-amino-2-(2,6-dioxo(3-piperidyl))isoindoline-l,3-<iione (0.55 g, 2 
mmol) in THF (30 ml) was added 3-chloroben2oyl chloride (0.51 ml, 4 mmol). The 
mixture was heated to reflux for 1 8 hours. The reaction was cooled to room tonperature, 
meflianol (2 ml) was added, and Ihe mixture stirred for 1 hour. The solvent was evaporated 

5 in vooio leaving a solid which was shiiried in diethyl ether (20 ml) and filtered to give 0.82 
g (100%) of product as an off-white solid: mp 257-259 "C; 'H NMR (DMSO-d^ d 1 1.06 
(s, IH), 10.43 (s, IH), 8.50 (d, J«^.4 Hz. IH), 7.99-7.88 (m. 3H). 7.75-7.61 (m, 3H), 5.17 
(dd, J=5.5 and 12.7 Hz, IH). 2.99-2.84 (m. IH), 2.67-2.49 (m. 2H). 2.12-2.07 (m. IH); "C 
NMR(DMSO-£/,) d 172.36, 169.78, 169.36, 167.59, 166.39, 163.57. 135.99, 135.31, 

10 133.59, 132.11, 131.33, 130.73, 127.07, 126.76, 125.78, 118.93, 118.55, 48.91. 30.77. 
21.85; Anal. Calcd. For C2oH„ClNA : C. 58,33;H. 3,43; N. 10.20. Found: C. 58.38; H. 
3.23; N, 9.95. 

N-r2-f2.6-Dioxo-piperidin-3-vIV1. 3-dioxo-2.3-dihvdro-lH-isoindQl-4-vl>2-phenoxv- 
15 flcetemiHft T-^^ 



To a suspension of 4-amino-2-(2,6-dioxo(3-piperi<fyl))isoindoline-l,3-dione (0.55 g, 2 
mmol) in THF (30 ml) was added phaioxyacetyl chloride (0.55 ml, 4 mmol). Hie mixture 
was heated to reflux for 18 hours. The reaction was cooled to room tempaature, methanol 
(2 ml) was added, and the mixture stirred for 1 hour. The solvait was evaporated in vacuo 
leaving a solid which was slurried in diethjd ether (20 ml) and filtered to give 0.76 g (93%) 
of product as an off-white solid: mp 236-238 "C; 'H NMR (DMSCW^ d 11.19 (s, IH), 
10.53 (s, IH), 8.73 (d, J=8.4 Hz, IH), 7.88 (t, J=7.6Hz, IH), 7.64 (d, J=7.3 Hz, IH), 7.38 
(t, J=7.6 Hz. 2H) 7.14-7.01 (m, 3H). 5.21 (dd. J=5.3 and 12.6 Hz, IH), 4.81 (s. 2H), 3.00- 
2.86 (m, IH), 2.67-2.51 (m. 2H), 2.13-2.09 (ra, IH); "C NMR (DMSCW^ d 172.77. 
169.77, 168.37. 167.59. 166.67, 156.85, 136.58. 135.84. 131Ji8. 129.74, 124.45. 121.91, 
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118.50, 116.28. 114.86, 67.03, 49.02, 30.96, 21.93; AnaL Calcd. For C^H^NjOs: C, 
61.92; H, 4.21; N, 10.31. Found: C, 61.87; H, 4.27; N, 10.25. 

3-f 2-Benzvloxv-etfavl aminoVphthalic acid dimethyl estear 

5 




Benzyloxyacetaldehyde (5.27 ml, 37.5 mmnl) was treated in the same manner as described 
above for the syntiiesis of 3-pentylamino-phthalic acid dimethyl ester. The residue (oil) 
was purified by chromatography (6:3 :1 methylene chloride/hexane/ethyl acetate) to give 
7.98 g (78%) of yellow oil: 'H NMR (DMSO-rf^) d 7.38-7.26 (m, 5H), 6.89-6.77 (m, 3H), 
15 4.57 (s, 2H). 3.85 (s, 3H), 3.82 (s. 3H), 3.69 (t, J=5.5 Hz, 2H), 3.38 (q, J=5.4 Hz, 2H). 

3-(2-Ben2vloxv-ethvlamino'>-phdialic acid 



20 




25 3-(2-Benzyloxy-ethylamino)-phtfaalic acid dimethyl ester (2.50 g, 7.28 mmol) was treated 
in the same manner as described above for the synthesis of 3-(2-methoxy-ethyiamino)- 
phflialicacid. The product ofthe reaction, which contained a mixture of diacid and 
monomethyl esters,.was used without further purification. 

30 
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4-f2-BeD2vloxv-<tfavlaminoV2-(2.6^oxo. piperidm-3-vlVisoiiKlol&.lJ-d^ 




10 3-(2-Baa2yloxy-«tii3^ainino)-phfliaJic add (1.78 g, 5.65 mmol) was treated in the same 
manner as d escribed above for tiie ^thesis of 2-(2,6-Dioxo-pipeiidin-3-yl>4'(2-mettioxy- 
ethylamino)-isomdole-l ,3-dione. The solid yellow residue 'was rectystallized ftom a 
minimal amovmt of ethanol to give 1 .32 g (57%) of product as a yellow solid: mp 158-160 
X; 'H NMR (DMSO-rf,) d 11.11 (s, IH). 7.57 (t, J=7.3 Hz, IH), 7.37-7.24 (m, 5H), 7.14 

15 (d, J=8.6 Hz, IH), 7.04 (d, J=7.0 Hz, IH), 6.67 (t, J=5.7 Hz, IH), 5.07 (dd, J= 5.4 and 12.5 
Hz, IH), 4.54 (s, 2H), 3.66-3.62 (m, 2H), 3.55-3.49 (m, 2H), 2.97-2.82 (m, 1 H), 2.63-2.45 
(m. 2H), 2.06-2.02 (m, IH); "C NMR (DMSO-df) d 172.81, 170.08, 168.96, 167.28, 
146.40, 138.23, 136.16, 132.06, 128.22, 127.42, 1 17.47, 1 1 0.69, 109.30, 71.90, 68.09, 
48.54, 41 .68, 30.97, 22. 13; Anal. Calcd. For CyEJj.NjO,: C, 64.86; H, 520; N, 10.31. 

20 Found: C, 64.95; H, 5.03; N, 10.27. 

N-r2-f2.6-Dioxo-piperidin-3-vl'U 1.3-dioxo-2.3-dihvdro-lH-isoindol-4-vn-3-fluoro- 
benzaniide 1-55 



25 



30 




To a suspension of 4-ainino-2-(2,6-dioxo(3-pipKid5d))isoindoline-l^-dione (0.55 g, 2 
mmol) in THF (30 ml) was added 3-Fluorobenzo)^ diloride (0.49 ml, 4 mmol). The 
35 mixture was heated to reflux for 18 hours. The reaction was cooled to room temperature 
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methanol (2 ml) was added, and the mixture stirred for 1 hour. The solvsat wis evaporated 
. in vacuo leaving a solid whidbi was slurried in die&yl eHher (20 ml) and filtered to give 0.69 
g (96%) of product as an off-white solid: mp 260-262 °C; 'H NMR (DMSCW«) d 11 .00 (s, 
IH). 10.39 (s, IH), 8.53 (d, J=8.3 Hz, IH), 7.94-7.50 (m, 6H), 5.15 (dd, J=5.6 and 12.7 Hz, 
5 IH), 2.97-2.83 (m, IH), 2.66-2.49 (m. 2H), 2.14-2.06 (m, IH); "C NMR (DMSO-rf^) d 
172.36, 169.36, 167.66, 166.39, 163.62, 136.03, 131.31, 131.12, 130.99, 126.60, 123.19, 
123.15, 119.44, 119.11, 118.89, 118.42, 114.31, 113.94, 48.91, 30.77, 21.83; Anal. Calcd. 
For CjoHj^FNaOj: C, 60.76; H, 3.57; N, 10.63. Found: C, 60.88; H, 3.38; N, 10.51. 

10 N-r2-f2.6.Dioxo-piperidin-3-vlV1.3-dioxo-2.3.di hvdio-lH-isoindol-4-vl%3.m^^^ 



15 




To a suspension of 4-amino-2-(2,6-dioxo(3-piperidyl))isoindoline-l,3-dione (0.55 g, 2 
mmol) in THF (30 ml) was added m-toluoyl chloride (0.53 ml, 4 mmol). The mixture was 
heated to reflux for 18 hours. The reaction was cooled to room ten^erature, methanol (2 
ml) was added, and the mixture stirred for 1 hour. The solvent was evaporated in vacuo 

^ leaving a solid that was slurried in diethyl e&er (20 ml), filtered, reslunied in ettiyl acetate 
(20 ml), and filtered to give 0.69 g (88%) of product as an off-white solid: mp 234-236 "*C; 
'H NMR (DMSO-rfs) d 10.97 (s, IH), 10.31 (s, IH), 8.64(d, J=8.4 Hz, IH), 7.92-7.47 (m, 
6H), 5.16 (dd, J=5.5 and 12.7 Hz, IH), 2.97-2.84 (m, IH), 2.68-2.43 (m, 5H), 2.14-2.09 (m, 
IH); "C NMR pMSO-dtf) d 172.13, 169.15, 168.03, 166.30, 164.80. 138.18. 136.54, 

30 135.95, 133.14. 132.87, 131.09, 128.57, 127.45, 126.64, 123.95, 118.23, 117.33, 48.88, 
30.67, 21.76, 20.62; Anal. Calcd. For C2,H„NjOs: C, 64.45; H, 4.38; N, 10.74. Found: C, 
64.23; H, 4.18; N, 10.56. 
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N-r2-f2.6-Dioxo-oiperidin-3-vlVl.3-diny o-2.3-dihvdro-lH-isoindol-4-vl1-3-methoyv- 
benzamide 1-57 



To a su^ension of 4-airimo-2-(2,6-dioxo(3-piperidji))isomdoline-13-dione (0.55 g, 2 
mmol) in THF (30 ml) was added w-anisoyl diloride (0.56 ml, 4 mmol). The mixture was 
heated to reflux for 18 hours. The reaction was cooled to room tanperatme, methanol (2 
ml) was added, and the mixture stirred for 1 hour. The solvait was evaporated in vacuo 
leaving a solid that was slumed in diethyl ether (20 ml), filtered, reslunied in ethyl acetate 
(20 ml), filtered, and recrystallized from minimal acetic acid to give 0.51 g (63%) of 
product as an off-white soUd: mp 240-242 °C; 'H l^MR (DMSO-rf«) d 11.15 (s, IH), 10.38 
(s, IH), 8.60 (d, J=8.3 Hz, IH), 7.91 (t, J=7.5 Hz, IH), 7.67 (d, J=7.2 Hz, IH). 7.55-7.50 
(m, 3H), 7.29-7.22 (m, IH), 5.19 (dd, J=5.3 and 12.5 Hz, IH), 3.86 (s, 3H), 2.99-2.84 (m, 
IH), 2.66-2.50 (m. 2H), 2.12-2.07 (m, IH); "C NMR (DMSO-rf,) d 172.02, 169.71, 
168.12, 166.64, 164.70, 159.56, 136.52, 136.31, 134.73, 131.36, 130.26, 126.18, 119.19, 
118.78, 118.26, 117.92, 112.74, 55.41, 48.97. 30.93, 21.99; Anal. Calcd. For C^AtNjO,: 
C 59.73; H, 4.46; N, 9.29. Found: C, 59.37; H, 4.34; N, 9.10 + 0.75 AcOH. 
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N-r2-f?,(?-Pi0X0-pjperidin-3-vl)-l ^-^il^Y -^ ro-lH.knmrinl.4-Y q.^. 
trifluoromet hvl-benzan^ ^'d.^ T-<;^ 




10 



To a suspension of 4-ammo-2K2.6-dioxo(3-piperidyI))isouidolme-U-dion^ (0.55 g 2 
mmol) in IHF (30 mi) was added 3.trifluoromethylben2oyl chloride (0.60 ml. 4 nmiol) 
The mixture was heated to reflux for 18 hours. The reaction was cooled to room 

temperature, methanol (2 ml) was added, and the nuxtute stilted for 1 hour^ Thesolveat 
was evaporated in vacuo leaving a solid that was slurried in diethyl ether (20 ml) and 
filtered to give 0.41 g (46%) of product as an off-white solid: tap 257-259 "O 'HNMR 
(DMSO-^^ d 10.86 (s. IH). 10.45 (s. IH). 8.50 (d. J=8.5 Hz, IH). 8J24-8.25 (m. 2H). 8 02- 
7.82 (m. 3H). 7.69 (d, J=7.3 Hz. IH), 5.14 (dd, J=5.7 and 12.8 Hz, IH), 2.95-2.82 (m. IH) 

2.67-2.48 (m.2H). 2.14-2.07 (m.lH);"CNMR(DMSO-rf,)d 171.75, 168.80 16731 
166,06. 163.43. 135.80, 135.60, 134.28. 131.16. 130.71. 129.75, 128.35. 128.29. 126 63 
123.59. 123.52. 118.65, 118.55, 48.84, 30.51. 21.62; Anal. Calcd. For C„H, JF3N3O5: C ' 
56.64; H, 3.17; N. 9.44. Found: C. 56.48; H, 3.15; N. 9.41. 



25 



benzamide 



?-Yl)-1.3-dioXO-2.3-<1ihYHro -lH-isoindnl^v1].l.nitTr>. 



30 




To a suspension of 4-amino.2<2.6^oxo(3.piperidyl))isoindoline.U.dione (1 10 g 4 
nunc!) in THF (30 ml) was added S-nitrobenzoyl chloride (1.48 g. 8 nmiol). HemiKture 
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was heated to reflux for 18 hours. The reaction was cooled to room temperature, methanol 
(2 ml) was added, and the mixture l^psd for 1 hour. The solvent was evaporated in vacuo 
leaving a solid Aat was slurried in diefliyl efiier (30 ml) and filtered to give 1 .60 g (95%) of 
product as an ofif-white solid: mp 245-247 "C; 'H NMR (DMSO-rf^ d 10.85 (s, IH), 10.53 
5 (s, IH), 8.76 (s. IH), 8.50-8 J7 (m, 3H), 7.95-7.87 (m, 2H), 7.70 (d, J=7.4 Hz, IH). 5.14 
(dd. J=5.7 and 12.7 Hz, IH), 3.02-2.83 (m, IH), 2.67-2.47 (m, 2H), 2.15-2.07 (m, IH); »C 
NMR(DMSO-rf«) d 171.73. 168.79, 167.19, 166.04, 162.85. 147.84, 135.60, 134.79, 
132.92. 131.21, 130.19. 126.87. 126.20. 121.69, 118.83. 48.86, 30.51, 21.63; Anal. Calcd. 
For CioH,4N407: C, 56.88; H, 334; N, 13.27. Found: C, 56.87; H, 3.33; N, 13.05. 

10 

N-r2-(2,6-Dioxo-piperidin-3-vlV1.3-dioxo-2jHiihvdro-TH ,isomdol-4-vll-bnfr 



15 




To a suspension of 4-amino-2-(2,6-dioxo(3-piperidyl))isoindoIine-1.3-dione (0.55 g, 2 
mmol) in THF (30 ml) was added butanoyl chloride (0.42 ml, 4 mmol). The mixture was 
heated to reflux fer 18 hours. The reaction was cooled to room temperature, methanol (2 
ml) was added, and the mixture stured for 1 hour. The solvait was evaporated in vacuo 
leaving a soUd that was slurried in diethyl ether (20 ml) and filtered to give 0.55 g (80%) of 
product as an ofif-white soUd: mp 171-173 "C; "H NMR (DMSO-rfj) d 11.14 (s, IH), 9.68 
(s, IH), 8.48 (d. J=8 J Hz, IH). 7.83 (t, J=7.5 Hz, IH), 7.61 (d, J=7.2 Hz. IH). 5.15 (dd. 
J=5.2 and 12.6 Hz, IH), 2.96-2.84 (m, IH), 2.65-2.42 (m, 4H). 2.1 1-2.06 (m, IH). 1.73- 
1.58 (m, 2H), 0.95 (t, J=7.4 Hz, 3H); »C NMR (DMSO-d^ d 172.70. 171.84, 169.72. 
167.70. 166.63. 136.54, 136.07. 131.41, 126.17, 118.23, 116.89,48.90, 30.91. 21.96. 18.25. 
13.46; Anal. Calcd. For C,^„N,Oji C. 59.47; H, 4.99; N, 12.24. Found: C, 59.45; H. 
4.82; N. 12.15. 
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N-r2-f2.6-Pioxo-proeridin-3-vrVlJ-dioxo-23Kiihvdn^m-i5« >indol-4-v^^ 
meflivlaminn-acetamiri e hvdroehloride T-fil 




10 



To a suspension of N-[2-(2,6-dioxo(3-piperidyl))-l,3-dioxoisoindolin-4-yl]-2- 
chlorpacetamide (0.95 g, 2.72 mmol) in THF (30 ml) was added sodium iodide (0.41 g, 2.72 
mmol) and 2M methyl amine in THF (4.08 ml, 8.15 mmol). The mixture was stirred at 

15 room temperature for 5 hours. The solvent was evaporated in vacuo leaving a white solid. 
The solid was slurried in ettiyl acetate (200 ml) for 2 h. The suspension was then washed 
with water (3 x 100 ml), brine (100 ml), and dried (MgS04). The solvent was evaporated in 
vacuo leaving an off-white solid. The solid was dissolved in acetonitrile (20 ml) and to this 
solution was added 2M HCl in ether (2 ml). The mixture was stirred for 1 h and the solvent 

20 evaporated in vacuo. The residue was slurried in ethyl acetate for 3 h and filtered to give an 
ofiT-vtdiite solid. The solid was dissolved in water (40 ml) and washed with ethyl acetate (2 
X 50 ml). The pH of the aqueous portion was adjusted to 11-12 by dropwise addition of 
saturated aqueous sodium caibonate. The aqueous mixture was washed with ethjd acetate 
(3 x 100 ml). The combined ethji acetate extracts were washed wife brine (100 ml), and 

25 dried (MgS04). The solvent was evirated in vacMo leaving a white solid. The solid was 
dissolved in acetomttUe (15 ml) and 2M HQ in ether (2 ml) was added to flie solution. The 
mixture was stirred for 1 h and the solvaat was evaporated in vacuo leaving a white solid. 
The solid was slunied in dielliyl ether (20 ml) and filtered to give 0.18 g (17 %) of product 
as a white soUd: mp 228-230 'C; 'H NMR (DMSO-rf^) d 1 1.13 (s, IH), 10.50 (s, IH), 9.35 

30 (bs, 2H), 8.28-8.21 (m, IH), 7.93-7.63 (m, 2H), 5.15 (dd, J=5.1 and 12.6 Hz, IH). 4.09 (s, 
2H), 3.03-2.85 (m, IH), 2.63-2.47 (m, 5H), 2.10-2.05 (m. IH); "C NMR (DMSO-Ja) d 
171.99, 169.03, 166.35, 166.07, 164.75, 135.63, 134.46. 131.56, 127.45, 119.14, 118.85, 
49.56, 48.82, 32.49, 30.59, 21 .69; Anal. Calcd. For C.^H.^ONA: C, 48.99; H, 4.70; N, 
14.28. Found: C. 48.82; H, 4.72; N, 14.02 + 0.64 HjO. 

35 
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2-(2.6-Dioxo-Diperidm-3WlV4-heptvlfl miiio-isoinrinIe-13-dioneT-i;2 




10 

A mixture of 4-ainmo-2-(2,6-diQXQ(3-pipeiidyl))isoindolin©-l><aoM (1.1 4J> 
mmol) and heptanal (3.4 mL, 24 mmol) and acetic acid (2 mL) in DMF (20 mL) was heated 
until all solid was dissolved. To the mixture was added sodium boiohydride (605 mg, 
16 mmol) and kept at room temperature for 18h. To the mixture was added sodium 

15 borohydride (150 mg, 3.9 mmol) and kept at room temperature for 1 d. The mixture was 
extracted with ethyl acetate (200 mL) and water (100 mL). The organic layer was washed 
with water (100 mL). The solvent was removed in vacuo to give an oil. The oil was 
purified by column chromatography (Silca Gel. 33% EtOAciCH^Clj) to give 2-(2,6-Dioxo- 
piperidin-3-yl)-4-heptylamino-isoindole-l,3-dione as a yellow solid (610 mg, 41% yield): 

20. mp, 107-109 "C; 'H NMR (DMS0-d6) 6 0.82-0.87 (m, 3H, CH,), 1.24-1.29 (m, 8H, 4 
CH^, 2.00-2.04 (m. IH, CEH), 2.43-2.62 (m, 2H, CH^, 2.82-2.96 (m, IH, CHff). 3.23- 
331 (m, 2H,Cfl'2), 5.06 (dd,y= 5.3, 12.4 Hz, 1H,NC£0, 6.51 (t,y=5.9Hz, lH.Nfl), 7.01 
(d. J= 7.0 Hz. IH, Ar), 7.07 (d. J= 8.6 Hz, IH, Ar), 7.57 (dd, J= 7.4, 8.4 Hz, IH, Ar),' 
11.10 (s, IH, NH); "C NMR (DMS0-d6) 5 13.91. 22.03, 22.17, 26.28, 28.42, 28.69, 30.98, 

25 31.22. 34.84.48.55, 109.03, 110.36, 117.13, 132.18, 136.24, 146.43, 167,29, 168.96,' 
170.05. 172.77; Anal Calcd for C^^^O^. C. 64.67; H, 6.78; N. 11.31. Found: C, 64.62; 
H, 6.76; N, 11.13. 
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4-(aioro-N-r2-^2.6-dioxo-p iperidm-3-vlVlJwlioy(>-2.3-dihvdro-lH-isoM^ 



A mixture of 4-ammo-2-(2,6-clioxo(3-piperidyI))isoindolme-l,3-dione (1.2 g, 4.5 
mmol) and 4-chlorobenzoyl chloride (1 . 1 mL, 8.8 mmol) in THF (40 mL) was heated to 
reflux for 1 5 h. To the mixture was added methanol (5 mL) to give a suspension. The 
suspension was filtered and washed with ether (2x10 mL) then methanol (5 mL) to give 4- 

cWoro-N-[2-(2,6-dioxo-piperidin-3-yl)-l,3-dioxo-2,3-dihydro-lH-isoindol-4-yl]-beaizamide 
as a white solid (1.5 g, 81 % yield): mp, 261-263 "C; 'H NMR (DMS0-d6) 6 2.05-2.09 
(m, IH, CHH), 2.49-2.65 (m, 2H, CH^, 2.83-2.98 (m, IH, CHH), 5.18 (dd, 7 = 5.5, 12.8 
Hz. IH, NCfl), 7.68-7.72 (m, 3H, Ar), 7.89-8.01 (m, 3H, Ar), 8.52 (d, J= 8.2, Hz, IH, Ar). 
10.47 (s, IH, NH), 1 1.16 (s, IH, Ni^); "C NMR (DMS0-d6) 8 21.99. 30.92, 48.98, 1 18.48, 
119.06, 126.76. 129.10, 129.29. 131.46, 132.13, 136.28, 137.47, 164.08, 166.60. 167.86, 
169.67, 172.72; Anal Calcd for C^oHMNaOsCl + 0.2 H^O: C, 57.83; H, 3.49; N, 10.12; CI, 
8.53; HP, 0.87. Found: C, 57.88; H. 3.33; N, 9.93; Q, 8.53; HjO, 0.73. . 

Cvclopropanecarboxvlic acid r2-(2.6-dio xo-piDeridin-3-vn-l J-dioxo-2.3-dihvdro-lH- 
isoindol-4-vn-amide 1-64 
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A mixture of 4-ammo-2-(2,6-dioxo(3-piperidyl))isomd6line-l,3-dione (0.60 g, 2.2 
mmol) and cyclopiopanecarbonyl chloride (0.4 mL, 4.4 mmol) m TEIF (20 mL) was heated 
to reflux for 15 h. To the mixture was added methanol (5 mL). The solvent was removed 
in vacuo to give a soUd. The solid was slunied in ether (30 mLO for Ih. The suspension 

5 was filtered and washed with ether (30 mL) to give cyclopiopanecarboxylic add [2-(2,6- 
dioxo-piperidin-3-yl).1.3-dioxo-2.3-dihydro-lH-isoindol-4-yl]-amide as a solid (630 mg. 84 
% yield): mp, 237-239 »C; •HNMR(DMS0-d6) 5 0.87-0.90 (m, 4H, 205^, 1.93-2.09 
(m, 2H. C^, CH^O, 2.49-2.65 (m. 2H, CffJ, 2.64-2.96 (m, IH, CHH). 5.15 (dd, 5.2. 
12.6 Hz. IH. 7.61 (d. J= 7.2 Hz, IH, Ar), 7.82 (t. 7= 7.7 Hz, IH. Ar), 8.41 (d, 

10 8.3 Hz, lH,Ar), 9.99 (s,lH,N^O. 11.16 (s,lH,NiO; "CNMR(DMS0-d6) 5 8.10. 14.93, 
22.00.30.93, 48.92. 117.07, 118.30. 126.69, 131,49, 135.97, 136.43, 166.67. 167.57. 
169.77, 172.55. 172.74; Anal Calcd for C.^.^NjO,: C..59.82; JI. 4.43; N. 12.31. Folmd: C. 
59.50; H, 4.39; N, 12.04. 

H:f2-f2,6-Dioxo-piperidin-3-vlV1.3-diQycv2.^-rtih Y dro-lH-i..inindn1.4-vll-4-flB 



A mixture of 4-amino-2-(2,6.dioxo(3-piperidyl))isoindoline-13-dione (1.1 g, 
4.0 mmol) and 4-fluorobenzoyl chloride (0.95 mL, 8.0 mmol) in THF (40 mL) was heated 
to reflux for 15 h. To the mixture was added methanol (5 mL) to give a suspetudon. The 
suspension was filtered and washed with ether (2 x 10 mL) then methanol (5 mL) to giveN- 
[2-(2,6KUoxo-piperidin.3-yl)-l,3-dioxo.2,3.dihydro-lH-isohutol-4-yl]-4-fluo^ 
asayelIowsoUd(1.2g,77%yield): mp. 283-285 »C; 'HNMR(DMS0-d6) 5 2.06-2.10 
(m. IH, CHH), 2.48-2.65 (m, 2H, CH^, 2.83-2.97 (m, IH. CHH), 5.18 (dd. 7= 5.4. 12.6 
Hz, IH, NC/0. 7.42-7.49 (m, 2H, Ar), 7.69 (d, 7.2, Hz. IH, Ar). 7.91 (t. 7= 8.2 Hz. IH. 
Ar), 8.03-8.08 (m, 2H, Ar), 8.54 (d. 8.3 Hz, IH, Ar). 10.41 (s, IH, NH), 11.15 (s, IH, 
N/0; "CNMR(DMSO-d6)522.10.30.98, 49.29, 115.96 (d.j;,.p« 22 Hz); 118.03.' 
118.67, 128.09(d,yc.p=235Hz). 130.12. 131.49, 136.18. 136.75. 162.70, 164.08. 166.56. 



benzamide 1-65 



20 




O 



-145- 



wo 02/059106 ^ V— PCT/nSOl/50401 



168.22, 169.29, 172.27; Anal Calcd for C^„li,0^ + 0.2 HjO: C, 60.21; H, 3.64; N, 
10.53; F, 4.76; HA 0.90. Found: C, 60.17; H, 3.55; N, 10.47; F, 4.90; H,0, 0.95. 

N-r2-f2,6-Dioxo-piperidm-3-vlV1.3^ioYn-2 3-dihvd«wm-isoin^^^ 
^ benzamide 1-66 



10 



P O 




15 A mixture of 4-amino-2-(2.6-dioxo(3-piperidyl))isomdolme-l,3-dione (0.6 g. 2.2 mmol) 
and 4-(triflnoromethyl)benzoyl chloride (1 g, 4.8 mmol) in THF (20 mL) was heated to 
reflux for 1 5 h. The solvent was removed in vacuo to give a soUd. The soUd was slurried in 
methanol (20 mL) for 2h. The suspension was filtered and washed with ether (15 mL) then 
methanol (15 mL) to giveN-[2-(2,6-dioxo-piperidin-3-yl)-l,3-dioxo-2,3-dihydro-lH- 

20 isolndol-4-yl]-4-trifluoromethyl-benzamide as a white solid (750 mg, 77 % yield): mp, 213- 
215 "C; 'H NMR (DMS0-d6) 6 2.05-2.10 (m, IH. CHB), 2.49-2.65 (m, 2H. CH^, 2.83- 
2.98 (m, IH. cm, 5.18 (dd, /= 5.2, 12.5 Hz, IH. NC/0. 7.72 (d, J= 7.2 Hz, l^ Ar). 
7.90-8.02 (m, 3H, Ar), 8.16-8.19 (m, 2H. Ar), 8.49 (d, y= 8.4 Hz, IH, Ar), 10^58 (s, IH, 
NiO. 11.17 (s, 1H.N^0; "C NMR CDMSO-d6) 5 21.99, 30.92, 48.99, 118.88, 119.36, 

25 119.32. 123.76 (q./^^ 271 Hz); 125.99 (q,y„= 3.6 Hz), 127.10 128.37. 131.54, 132.16 
(q.Ji:.F=32Hz). 136.00, 136.26, 13721, 164.05, 166.59, 167.65, 169.68. 172.73; Anal 
Calcd for CjiHi^NjOsFj: C, 56.64; H, 3.17; N, 9.44; F, 12.80. Found: C, 56.25; H, 3.05; N, 
9J2;F, 12.69. 



30 



35 



-146- 



wo 02/059106 



• 




PCT/US01/S0401 



N-r;?-f?.g-Pwyo-piperidin-3-^dVl.3-diovn.7 ^3-dihvdm-^q-isomdol^^^ 
benzamide 1-67 



A mixture of 4-amino-2-(2,6-dioxo(3-piperidyl))isoindoline-l,3-dione (1.1 g, 4.0 
mmol) and 4-methylben2oyl chloride (1.1 g. 8.0 mmol) in THF (40 mL) was heated to 
reflux for 36 h. To the mixture was added methanol (5 mL) to give a suspension. The 
suspension was filtered and washed with methanol (15 mL) to give N-[2-(2.6-dioxo- 

piperidin-3-yl)-l^.dioxo-2.3-dihydro-lH-isoindol-4-yi]-4-methyl-benzamide as a yeUow 
soUd (1.3 g, 83 % yield): mp, 322-324 °C; 'H NMR (DMS0-d6) 5 2.06-2.10 (m, IH, 
CHff), 2.41 is, 3H. CHj), 2.50-2.65 (m. 2H, CH^, 2.83-2.97 (m. IH. CHH), 5.19'(dd,'/= 
5.3, 12.6 Hz, IH. NCfl). 7.42 (d. 7= 8.1 Hz, 2H. Ar), 7.67 (d, /= 7.2 Hz. IH, Ar), 7.86- 
7.93 (m, 3H, Ar). 8.62 (d, 8.4 Hz, IH, Ar), 10.37 (s, IH, N«), 1 1.18 (s, IH, mi "C 
NMR (DMS0-d6) 5 21.07, 21.99. 30.93, 48.99, 117.57. 118.58, 125.94, 127.28. 129.58. 
130.H 131.33. 136.34. 136.77. 14256. 164.80, 166.65, 168.29, 169.69, 172.72; Anal ' 
Calcd for Cj.H.TNaO,: C, 64.45; H, 4.38; N, 10.74. Found: C, 64.65; H. 4.17; N, 10.70. 

N-r2-f2,6-Dioxo-piperidin-.VvlV1.3-dioYn-2/^ .dihvdr»-lH-isomdol-4-vl1^^ 
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A mixture of 4-ainmo-2-(2,6-dioxo(3-piperidyl))isomdoIine-13-dione (2.2 g, 8.0 
mmol) and 4-iiitrobenzoyI chloride (3.0 g, 16.0 mmol) in TUF (80 mL) was heated to reflux 
for 15 h. To flie mixture was added meflianol (20 mL) to give a suspension. The 
suspension was filtered and washed with methanol (20 mL) to give N-[2-(2,6-Dioxo- 

5 piperidin-3-yl)-l ,3-dioxo-2,3-dihydio-lH-i8oindol-4-yI]-4-nitio-benzamide as a white solid 
(2.5 g, 73 % yield): mp, 298-300 »C; 'H NMR (DMS0-d6) 5 2.06-2.10 (m, IH, CHfl), 
2.49-2.65 (m, 2H, CH^, 2.83-2.98 (m. IH. CHH), 5.18 (dd, /= 5.2. 12.6 Hz, IH. NCH), 
7.73 (d, y= 7.2 Hz, IH, Ar), 7.93 (t,7= 8.0 Hz, IH, Ar), 8.19-8.22 (m, 2H, Ar), 8.42-8.47 
(m, 3H, At), 10.65 (s, lH,Nfl), 11.18 (s, lH,Nfl); "C NMR (DMS0-d6) 5 21.99, 30.92, 

10 48.99, 119.30, 119.56, 124.06. 127.49, 129.01, 131.58, 135.77, 136.23, 138.96, 149.69. 
163.65, 166.57, 167.48, 169.68, 172.72; Anal C^cd for C2oH,4N407: C. 56.88; H..3.34; N, 
13.27. Found: C. 57.15; H, 3.02; N, 13.22. 

N-f2-(2,6-Dioxo-piperidin-3-vn-1.3 -dioxo-2.3-dihvdro-lH-isoindol-4-vn-2-ethnyv- 
15 acetamide 1-69 



20 




To a solution of eBioxyacetic acid (0.8 mL* 8.5 mmol) and oxalyl chloride (0.7 mL. 
8.0 mmol) in edier (5 mL) was added DMF (0.03 mL) at room temperature. After 3h, 4- 
amino-2-(2,6-dioxo(3-pipaid3d))isoindoUne-1.3-dione (1.1 g, 4.0 mmol) and THE (40 mL) 
was added to the mixture. Then flie mixture was heated to reflux for 15 h. Tothemixture 
was added methanol (10 mL) to give a suspension. The suq)ension was mtered and washed 
with methanol (lOmL) to giveN-[2-(2,6-dioxo-piperidin-3-yl)-l,3-dioxo-2.3-dihydro-lH- 
isoindol-4-yl]-2-ethoxy-acetanude as a white solid (1.3 g, 87 % yield): mp, 253-255 "C; 
•H NMR (DMSO.d6) 6 1.27 (t, J= 7.0 Hz. 3H, CH,), 2.06-2.10 (m, IH, CHH). 2.46-2.64 
(m, 2H, Cflj), 2.84-2.98 (m, IH, CBH), 3.66 (q, J= 7.0 Hz. 2H. Cffj), 4.14 (s. 2H, Cffj), 
5.17 (dd, 5.2, 12.7 Hz, IH, NC/?), 7.62 (d, 7= 7.2 Hz, IH, Ar). 7.87 (t, J= 8.2 Hz. IH. 
Ar), 8.75 (d, J-= 8.4 Hz. IH, Ar), 10.39 (s, IH, N^. 11.16 (s, IH, Ni/); »c NMR (DMSO- 
d6) 5 14.88, 21.93, 30.92. 48.98. 66.89. 69.49, 116.00, 11828. 124.25, 131.31. 135.99, 
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136.53, 166.69, 168.31, 169.49, 169.73, 174.71; Anal Calcd for C,^„NA: C, 56.82; H, 
4.77; N, 1 1.69. Found: C, 56.82; H, 4.71; N, 11.60. 

N-[2-(2.6-Dioxo-piT)aidin-3-vIV1.3-dioxo-2.3-dihvdro-lH-isoindol-^ 
^ benzamide 1-70 



(0.7 mL, 8.0 nunol) in ether (5 mL) was added DMF (0.02 mL) at room temperature. After 
3h, 4-aniino-2-(2,6-dtoxo(3-piperidyI))isomdoline-l,3-dione (1.1 g, 4.0 mmol) and THF (40 
mL) was added to the mixture. Then the mixture was heated to reflux for 15 h. To the 
mixture was added methanol (10 mL) to give a suspension. The suspension was fihered and 
20 washed with methanol (10 mL) to give N-[2-(2,6-dioxo-piperidih-3-yl>l ,3-dioxo-23- 
dihydro-lH-isoindol-4-yl]-2-methjdsulfanyl-acetamide as a white soUd (1.0 g, 69 % yield): 
mp, 228-230 °C; 'H NMR (DMSO-d6) 5 2.05-2.10 (m, IH, CHH), 2.18 (s, 3H, CHj), 2.46- 
2.65 (m, 2H. CHj), 2.82-2.95 (m, IH, CHH), 3.53 (s. 2H, CH^, 5.17 (dd, J= 5.2, 12.6 Hz, 
IH, NCfl), 7.63 (d, y = 7.2 Hz, IH, Ar), 7.86 (t, J= 7.5 Hz, IH, Ar), 8.61 (d, 7= 8.4 Hz, 
. 25 iH, Ar), 10.39 (s, IH. NH), 11.16 (s, IH, NH); "C NMR (DMS0-d6) 5 15.62, 21.96, 
30.93,37.99,48.94, 116.69, 118.46, 125.28, 131.44, 136.31, 166.67, 167.88, 168.63, 
169.78, 172.75; Anal Calcd fixr CjsHjjNjOsS: C, 53.18; H, 4.18; N, 11.63. Found: C, 53.26; 
H, 4.17; N, 11.52. . 



10 




O 



15 



To a solution of (methylthio)acetic acid (0.77 mL, 8.9 mmol) and oxalyl chloride 
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N-r2-(2,6-Dioxo-piperidin-3-vlVlJ.dioxQ-2.3 -dihvdro-lH4somdol-4-vn-^^^ 
benzamide 1-71 




A mixture of 4-amino-2-(2,6-dioxo(3-pipeddyl))isoindoline-l,3-dione (660 mg, 2.4 
mmol) and 2-methoxybenzoyl chloride (0.7 mL, 4.7 imnol) in THF (20 mL) was heated to 
reflux for 15 h. To the mixture was added methanol (5 mL) to give a suspension. The 
suspension was filtered and washed with methanol (20 mL) to give N-[2-(2,6-dioxo- 
piperidin-3-yl)-l,3-dioxo-2,3-dihydro-lH-isoindol-4-yl]-2-methoxy-benzarQj^ 
solid (760 mg, 78 % yield): mp, 286-287 "C; 'H NMR PMS0-d6) (at 340K) 8 2.09-2.14 
(m, IH. CHH). 2.55-2.66 (m, 2H, CH^, 2.85-2.98 (m, IH. CH^, 4.14 (s, 3H, OCH^i, 5.19 
(dd, /= 5.5, 12.9 Hz, IH, NCfl), 7.17 (t, J= 7.2 Hz. IH, Ar), 7.30 (d, J= 8.3 Hz. IH, Ar), 
7.61-7.68 (m. 2H. Ar), 7.89 (t, 7= 7.7 Hz, IH, Ar), 8.12 (dd, 7= 1.8, 7.9 Hz, IH Ar), 9.03 
(d,y=8.5 Hz, IH, Ar), 11.17 (s, lH,Ni3), 11.64(8, 1H,NH); »C NMR (DMS0-d6) (at 
340K) 6 22.09, 31.02, 49.29, 56.19, 112.65, 11631, 117.93. 120.66, 121.14, 125.52, 
131.59, 131.75, 134.34, 136.22. 137.00. 157.64. 163.82. 166.69. 168.15, 169.43, 172.32; 
Anal Calcd for CjJHnNjOj: C. 61.92; H. 4.21; N. 10.31. Found: C, 62.05; H, 4.10; N. 
10.38. 
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N-r2-r2.6-DioxQ-DiDgridm-3-vlV1.3-dioxo-2J-dihvdro-lH-isomdol-4-^^ 
benzamide 1-72 




O 



F 



A mixture of 4-amino-2-(2,6-dioxo(3-piperidyl))isomdoline-l,3-dione (1.1 g, 4.0 
mmol) and 2-fIuoroben2oyl chloride (1 .0 mL, 8.4 mmol) in THF (40 mL) was heated to 
reflux for 15 h. To the mixture was added methanol (10 mL) to give a suspension. The 

15 suspension w:as filtered and washed with methanol (20 mL) to give N-[2-(2,6-dioxo- 
piperidin-3-yl>13-dioxo-2,3-dihydro-lH-isoindol-4-yl]-2-fluoro-braizamide as a white 
solid (1.5 g, 93 % yield): mp, 300-302 °C; 'H NMR (DMS0-d6) 8 2.05-2.12 (m, IH, 
CRH), 2.45-2.65 (m, 2H, CH^, 2.83-2.97 (m, IH, CHif), 5.18 (dd, J= 5.5. 1 2.9 Hz, IH, 
7.40-7.49 (m. 2H, Ar), 7.67-7.76 (m, 2H, Ar), 7.88-7.98 (m, IH, Ar), 8.01-8.05 (m, 

20 IH, Ar), 8.76 (d, /= 8.4 Hz, IH Ar), 10.56 (d, Jn-f = 10 Hz, IH, NH), 1 1.17 (s, IH, Nfl); 
"C NMR (DMS0-d6) 8 21.96, 30.92, 48.97, 116.48, 116.97(d,yoF=14Hz), 118.82, 
120.87 (d. 12Hz), 125.32 (d, = 1-5 Hz). 125.74, 131.32, 131.39, 134.88 (d,7„ = 
9 Hz). 136.22, 136.48, 159.75 (d, = 252 Hi), 161.76 (d. Jet = 7 Hz), 166.58, 168.04, 
169.70, 172.71; Anal Calcd for CjoHmNjOjF: C, 60.76; H, 3.57; N, 10.63; F, 4.81. Found: 

25 C, 60.70; H, 3.64; N, 10.64; F, 4.91. 

7-fniinn-N-fr2.r2.6^oxof3-piDeridvnV1.3-dioxoi8oindolm-4-vllmethvnhentan 
Hydrochloride 1-73 1 
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Stepl: l,8-Diazabicyclo[5,4,0]undec-7-ene (0.7g, 4.62 tnmol) was added to a stined 
suspension of 4<ammoinethyl)-2-(2,6Kiioxo(3-piperid>4))isomdolme-l,3-dio 
hydiDchloride (0.6g, 1.85 mmol) in CHjCN (50 mL). After stiiring for 20 min, 1- 
hydroxybenzotriazole (0.3g, 2.22 mmol), N-BOC-7-aminoheptanonic acid (0.54g, 2.22 
mmol) and l-[3-(dimefliyiamino)propyl]-3-efliylcart)odimide hydrochloride (0.53g, 2.78 
mmol) were added. The mixture was stilted at room tempeiatmre for 17 hours. The solvent 
was ranoved in vacuo and the residue was dissolved in CHjQj (70 mL). The CHjCli 
solution was washed with IN citric acid (30 mL), H2O (2x30 mL), brine (30 mL) and dried 
(MgS04). The solvent was removed in vacuo and the residue was purified by 
chromatography (SiOj, CH2CI2: EtOAc 1:1) to ©ve 7-[(te^t-butDxy)carbonyla^lino]-N-{[2- 
(2,6-dioxo(3-piperidyl))-l,3-dioxoisoindolin-4-yl]methyl}heptanamide (0.74g, 77%) as a 
white solid: 'H NMR (CDCI3) 5 1 1.4 (s. IH). 8.44 (t, J=5.7 Hz, IH), 7.83-7.78 (m, 2H), 
7.68-7.65 (m, IH), 6.77 (t, J=5.1 Hz, IH), 5.19-5.11 (dd, J=5.4 and 12.4 Hz, IH), 4.71 (d, 
J=5.8 Hz, 2H), 2.93-2.84 (m, 3H). 2.63-2.49 (m, 2H), 2.21-2.05 (m, IH). 1.55-1.49 (m. 2H). 
1.36 (s, 9H), 1.36-1.20 (m, 6H). 



Step 2: A 4N HCl solution in dioxane (1.5 mL) was added to a stirred solution of 7- 

[(tert-butoxy)carbonylaiiiino]-N-{[2-(2,6-dioxo(3-piperidyl))-l,3-dioxoisoindolin-4- 
yl]methyl}heptanamide (0.72g, 1.40 mmol) in CH2CI2 (25 mL) and stirred for 17 hours. The 
resulting suspension was filtered to give 7-amino-N-{[2-(2,6-dioxo(3-piperidyl))-l,3- 
dioxoisoindolm-4-3d]methyl}hq»tanamide hydrochloride (0.26g, 41%) as a wUto solid: nq) 
187-189'C; 'H NMR (DMSO-d«) 8 1 1 .12 (s, IH), 8.52 (t, J=5.7 Hz. IH), 7.93 (b, 3H), 
7.88-7.67 (m. 3H), 5.18-5.11 (dd. J=5.3 and 12.4 Hz, IH), 4.72 (d, J=5.7 Hz, 2H), 2.91-2.50 
(m. 5H), 2.21 (t, J=7.2 Hz, 2H). 2.08-2.04 (m, IH), 1.57-1.52 (m, 4H), 1.31-1.29 (m, 4H); 
»C NMR(CDa3) 5 172.70, 172.55, 169.77, 167.44, 166.90. 139.54, 134.68, 133.08, 
131.47, 127.01, 121.77, 48.82, 38.64, 37.53, 35.00, 30.90, 28.05, 26.73, 25.50, 24.89, 
21.95; AnaL Calcd. For Cj,H27N405Cl + 0.64 Hfi: C, 54.95; H, 6.13; N, 12.21; Ca, 7.72. 
Found: C, 54.56; H, 6.10; N, 1 1.96; CI, 8.04. 
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N-ir2-f2.6-DioxoGHiiomdvl>VlJ-dioxoisoindoIin-4-vlTm^vnbutanamideI-74 



5 




H 

10 1 ,8-Diazabicyclo[5,4,0]undec-7-ene (0.62g, 4.08 mmol) was added to a stiired 

suspemionof 4-(aininomethyl)-2-(2,6-dioxo(3-piperidyl))isoindolme-l,3-dione 
hydrochloride (0.6g, 1.85 mmol) in CHjCN (50 mL). After stirring for 20 min, butyryl 
chloride (0.24g, 2.22 mmol) was added. The mixture was stirred at room temperature for 
17 hoxirs. The solvent was removed in vacuo and the residue was dissolved in CH2CI2 (70 

15 mL). The CH2CI2 solution was washed with HjO (30 mL), brine (30 mL) and dried 

(MgS04). Th® solvent was removed in vacuo and residue was purified by chromatography 
(SiOz, CH2Cl2:EtOAc 1:1) to giveN-{[2-(2,6-dioxo(3-piperidyl))-l,3-dioxoisoindolin-4- 
yljmethyl}butanamide (0.41g, 62%) as a white solid: mp 121-123"C; NMR 03MSO-dj) 
8 11.14 (s, IH), 8.44 (t, J=5.55 Hz, IH), 7.87-7.66 (m, 3H), 5.19-5.12 (dd, J=5.1 and 12.4 

20 Hz, IH), 4.72 (d, J=5.6 Hz, 2H), 2.96-2.85 (m, IH), 2.63-2.51 (m, 2H), 2.17 (t, 1=12 Hz, 
2H). 2.08-2.04 (m. IH), 1.63-1.51 (m, 2H), 0.87 (t, 3=7.3 Hz. 3H); "C MMR (DMSO-dJ 8 
172.71, 172.47, 169.77, 167.46, 166.92, 139.53, 134.68. 133.11. 131.49, 127.04, 121.77, 
48.84, 37.55, 37.16, 30.91, 21.96, 18.60, 13.63; Anal. Calcd. For CigHj^jOj: C, 60.50; H, 
536; N, 11.76. Found: C, 60.46; H, 5.36; N, 11.59. 
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N-fr2-(2.6-Dioxo(3-piperidvnVlJ-dioxQisoindQlm-4-v11m ethv»benzamideI-^^ 



5 



10 




1 ,8-Diazabicyclo[5,4,03undec-7-ene (0.62g, 4.08 mmol) was added to a stirred 
suspension of 4-(aminomethyl)-2-(2,6-dioxo(3-piperidyl))isomdoline-l,3-dione 
hydrochloride (0.6g, 1.85 mmol) in CH3CN (50 mL). After stirring for 20 min, benzoyl 
chloride (0.3 Ig, 2.22 mmol) was added. The mixture was stirred at room temperature for 

15 17 hours. The solvent was removed in vacuo and the residue was dissolved in CHCI2 (70 
mL). The CHjClj solution was washed with HjO (30 mL), brine (30 mL) and dried 
(MgS04). The solvent was removed and the residue was purified by chromatography (Si02, 
■CH2CI2: EtOAC 6:4) to giveN-{[2-(2,6-dioxo(3-piperidyl))-l,3-dioxoisoindolin-4- 
yl]methyl}benzaniide (0.55g, 76%) as a white solid: mp 227-229''C; 'H NMR (DMSO-dj) 5 

20 1 1.16 (s, IH), 9.16 (t, J=5.7 Hz, IH). 7.95-7.72 (m, 5H). 7.60-7.46 (m, 3H). 5.22-5.12 (dd, 
1=5.4 and 12.8 Hz, IH). 4.96 (d, J=5.7 Hz, 2H), 2.98-2.85 (m, IH), 2.65-2.50 (m. 2H). 2.11- 
2.06 (m, IH); "C NMR (DMSO-d^ 5 172.72, 169.80, 167.54, 166.96, 166.60, 139.34, 
134.77, 133.92, 133.02, 131.52, 131.42, 128.34, 127.28, 127.12, 121.83, 48.88, 38.32, 
30.93, 21.98; Anal. Calcd. For C^HnNjO,: C, 64.45; H, 4.38; N. 10.74. Found: C, 64.47; 

25 H, 4.50; N, 10.34. 
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10 

l,8-Dia2abicyclo[5,4,0]undec-7-ene (0.65g, 4.26imnol) was added to a stined 
suspension of 4-(aininomethyI)-2-(2,6-dioxo(3-piperidyl))isoindoline-l,3-dione 
hydrochloride (0.60g, 1 .85 mmol) in CHjCN (50 mL). After stirrmg for 20 min, 
phenylacetyl chloride (0.35g, 2.22mmol) was added. The mixture was stirred at room 

15 temperature for 17 hours. The solvent was removed in vacuo and the residue was dissolved 
in CH2CI2 (70 mL). The CHjClj solution was washed with IN HCl (30 mL), HjO (30 mL), 
brine (30 mL) and dried (MgSOJ. The solvent was rranoved in vacuo and the residue was 
pwified by chromatography (SiOi, CH2CI2: EtOAc 6:4) to giveN-{[2-(2,6-dioxo(3- 
piperidyl))-l,3-dioxoisoindoliii-4-yl]methyl}-2-^henylacetamide(0.41g, 55%) as a white 

20 soUd:mp 128-130°C; 'HNMR(DMS0-ds)5 11.14(s, IH), 8.67 (t, J=5.5 Hz, 1H),7.80- 
7.61 (m, 3H), 7.29 (s, 5H), 5.19-5.12 (dd, J=5.1 and 12.4 Hz, IH), 4.71 (d, J=5.5 Hz, 2H), 
3.53 (s, 2H), 2.96-2.83 (m, IH), 2.63-2.50 (m, 2H), 2.08-2.03 (m. IH); "HNMR (DMSO- 
d«) 5 172.77, 170.65, 169.82, 167.45, 166.93, 139.19, 136.15, 134.68, 133.18, 131.53, 
129.05. 128.25, 127.13, 126.43, 121.90, 48.85, 42.24. 37,85, 30.93, 21.98; AnaL Calcd. For 

25 CjjHjjNjOj.- C, 65.18; H, 4.72; N. 10.36. Found: C, 65.16; H, 4.75; N, 10.1 1. 
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l,8-Diazabicyclo[5,4,0]undec-7-ene (0.98g, 6.48nmiol) was added to a stirred 
siispension of 4-(aininomethyl)-2-(2,6-dioxo(3-piperidyl))isoindoliiie-l,3-dione 
hydrocMoride (0.60g, 1.85 mmol) in CHjCN (50 mL). After stirring for 20 mm, picolinojd 

15 chloride hydrochloride (0.41g, 2.22 mmol) was added. The mixture was stirred at room 
temperature for 17 hours. The solvent was removed in vacuo and the residue was dissolved 
in CHjCli (70 mL). The CHjaj solution was washed with IN HCL (30 mL), HjO (30 mL), 
brine (30 mL) and dried (MgS04). solvrait was removed in vacuo and tiie residue was 
purified by chromatography (SiOi, CHiClj: CH3OH 97.5:2.5) to give N-{[2-(2,6-dioxo(3- 

20 piperidyI))-l,3-dioxoisoindoIin-4-yl]mefhyl}-2-pyri(fylcarboxamide (0.40g, 55%) as a white 
solid: mp 155-157 "C; 'HNMR(PMSO-d«) 5 11.15 (s, IH), 9.50 (t, J=6.2 Hz, IH), 8.70 (d. 
J=4.6 Hz, IH), 8.08-7.98 (m. 2H), 7.82-7.62 (m, 4H), 5.21-5.14 (dd, J=5.4 and 12.6 Hz, 
IH), 4.97 (d, J=6.3 Hz, 2H), 2.99-2.84 (m, IH), 2.65-2.50 (m, 2H), 2.10-2.06 (m, IH); "C 
NMR(DMSO-ds) 5 172.77, 169.85, 167.59, 166.99, 164.38, 149.59, 148.56, 139.02, 

25 137.87. 134.79. 132.95, 131.57, 127.16, 126.76, 122.05, 121.87, 48.87, 38.37, 30.94, 21.97; 
Anal. Calcd. For C2oH,4N40,+0.08HjO: C, 61.08; H, 4.13; N, 14.25.'Found: C, 61.48; H, 
4.22; N, 13.87. 
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10 

l,8-Dia2abicyclo[5,4,0]undec-7-ene (0.62g, 4,08 lomol) waaadded to a stirred 

suspension of 4<ammomethyl)-2-(2,6-dioxo(3-piperidyI))isomdoline-l,3-dione 
hydrochloride (0.60 g, 1 .85 mmol) in CH3CN (50 mL). After stirring for 20 min, 
undecanoyl chloride (0.45g, 2.22 mmol) was added. The mixture was stirred at room 
15 temperature for 1 7 hours. The solvent was removed and the residue was dissolved in 
CH2CI2 (70 mL). The CH2CI2 solution was washed with IN HCl (30 mL), EjO (30 mL), 
brine (30 mL) and dried (M^O^. The solvent was removed in vacuo and the residue was 
purified by chromatography (SiO^, CHjCl^: EtOAc 6:4) to give N- {[2-(2,6-dioxo(3- 
piperidyl))-l,3-dioxoisoindolin-4-yl]methyl}undecanainide (0.53g, 63%) as a white soUd: 
mp 138.139«C; 'HNMR(DMS0-d^6 11.12 (s. IH), 8.42 (t, J=5.9Hz. IH), 7.85-7.78 (m, 
2H). 7.71-7.65 (m, IH), 5.18-5.11 (dd, J=5.4 and 12.5 Hz, IH), 4.72 (d, J=5.9 Hz, 2H), 
2.96-2.83 (m. IH), 2.64-2,47 (m, 2H). 2.18 (t, J=7.3 Hz. 2H). 2.08-2.04 (m. IH). 1.55-1.50 
(m, 2H), 1.24 (s. 14H). 0.85 (t. J=6.1 Hz, 3H); NMR (DMSOdj) 5 172.74, 172.63, 
169.80, 167.47, 166.93, 139.55, 134.65, 133.10. 131.50, 127.04, 121.79,48.83.37.55,' 
25 35.21, 31.28, 30.92, 28.94. 28.74. 28.67, 25.20. 22.08. 21.97, 13.94; AnaL Calcd. For 
C25H33N3OS: C. 65.91; H, 7.30; N, 9.23. Found: C, 66.08; H, 7.13; N, 9.23. 
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l,8-Diazabicyclo[5,4,0]undec-7-ene (0.62g, 4.08 mmol) was added to a stiired 
suspension of 4-(aimnoniethyl)-2-(2,6-dioxo(3-piperidyl))isoindolm&-l,3-dione 
hydrochloride (0.60g, 1.85 mmol) in CH3CN (50 mL). After stirring for 20 min, isobutyryl 
chloride (0.24g, 2.22 mmol) was added. The mixture was stirred at room temperature for 
1 7 hours. The solvent was removed in vacuo and flie residue was dissolved in CH2CI2 (70 
mL). The CH2CI2 solution was washed with IN HCl (30 mL), H^O (30 mL), brine (30 mL) 
and dried (MgS04). The solvent was removed in vacuo and flie solid was purified from 
elher (10 mL) and hexane (10 mL) to give N-{[2-(2,6-dioxo(3-piperidyl))-l,3- 
dioxoisoindolin-4-yl]methyl}-2-methylpropanamide (0.48g, 73%) as a white soKd: mp 218- 
220''C; 'H NMR (DMSO-d^ 5 11.13 (s, IH), 8.39 (t, J=5.8 Hz, IH). 7.87-7.78 (m, 2H). 
7.66-7.63 (m. IH), 5.19-5.12 (dd, J=6.9 and 12.5 Hz. IH), 4.71 (d, J=5.8 Hz, 2H), 2.97-2.83 
(m, IH), 2.63-2.43 (m, 3H). 2.08-2.04 (m. IH), 1.07 (d, J=6.9 Hz. 6H); "C NMR (DMSO- 
d6)5 176.52. 172.75. 169.82, 167.49. 166.95, 139.54, 134.77, 132.85. 131.50, 127.02, 
121.77, 48.83, 37.48, 33.98, 30.92. 21.96, 19.53; AnaL Calcd. For C,gH,9N30s: C, 60.50; H, 
5.36; N, 11.76. Found: C, 60.48; H. 5.33; N, 11.64. 
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hydrocMoiide (0.60g, 1 .85 mmol) in CH3CN (50 mL). After stirring for 20 min. 

15 cyclopentanecarbonyl chloride (0.29g, 2.22 mmol) was added. The mixture was stirred at 
room temperature for 1 7 hours. The solvent was removed in vacuo and the residue was 
dissolved in CHjClj (70 mL). The CHjClj solution was washed with 1 N HCl (30 mL), HjO 
(30 mL), brine (30 mL) and dried (MgS04). The solvent was removed in vacuo and the 
solid was stined with ethw (20 mL) to give N- {[2-(2,6-dioxo(3-piperidyl))-l,3- 

20 dioxoisoindolin-4-yl]methyl}cyclopentylcaiboxamide (0.59g, 83%) as a white solid: mp 
175-177"C; 'HNMR (DMSO-d^) 5 11.13 (s, IH), 8.41 (t, J=5.7 Hz, IH). 7.87-7.78 (m, 
2H), 7.66-7.63 (m, IH), 5.19-5.12 (dd, J=5.3 and 12.5 Hz, IH), 4.72 (d, J=5.8 Hz, 2H), 
2.98-2.83 (m, IH), 2.73-2.51 (m, 3H), 2.08-2.04 (m, IH), 1.81-1.51 (m, 8H); »C NMR 
. (DMSO-d«) 5 175.71, 172.75, 169.82. 167.49, 166.95, 139.68. 134.76, 132.91. 131.50, 

25 127.01, 121.77, 48.84, 44.20. 37.60, 30.93, 29.96, 25.60, 21.97; Anal Calcd. For 
CyijiNjOs: C, 62.65; H, 5.52; N, 10.96. Found: C, 62.52; H, 5.55; N, 10.81. 
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1 ,8-Dia2abicyclo[5,4,0]undec-7-ene (0.62g, 4.08 mmol) was added to a stirred 
suspension of 4-(aminomethyl)-2-(2,6-dioxo(3-piperidyl))isoindoline-l,3-dione 
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l,8-Diazabicyclo[5,4,0]undec-7-ene (0.62g, 4.08 mmol) was added to a stirred 
susp«3sionof4-(aminomethyl)-2<2,iS-dioxo(3-piperidyl))isoindoline-l,^ 
hydrochloride (0.60g, 1.85 mmol) in CH3CN (50 mL). After stiiring for 20 min, 
cyclohexanecaibonyl chloride (0.33g, 2.22 mmol) was added. The mixture was stirred at 
room temperature for 17 hours. The solvent was removed in vacuo and the residue was 
dissolved in CHjaj (70 mL). The CHjClj solution was washed with IN HCL (30 mL), 
H2O (30 mL), brine (30 mL) and dried The solvent was removed and the residue 

was purified by chromatography (SiOz, CHjCl,: EtOAc 6:4) to give N-{[2-(2,6-dioxo(3- 
piperidyl))-l,3-dioxoisoindolin-4-yl]methyi}cycloh»cylcaiboxanude (0.53g, 72%) as a 
white solid: mp 142-144"C; 'H NMR (DMSO-dj) 6 11.13 (s, IH), 8.36 (t, J=5.8 Hz, IH). 
7.86-7.77 (m, 2H), 7.64-7.61 (m, IH), 5.18-5.11 (dd, J=53 and 12.5 Hz. IH), 4.70 (d, J=5.8 
Hz, 2H), 2.97-2.83 (m. IH), 2.63-2.47 (m. 2H), 2.26-2.17 (m, IH), 2.08-2.03 (m, IH), 1.79- 
1.61 (m, 5H), 1.43-1.12 (m, 5H); »C NMR (DMSO-d«) 5 175.58, 172.75, 169.82, 167.49, 
166.96, 139.68. 134.75, 132.76, 131.49. 126.99. 121.73, 48.83, 43.90, 37.43, 30.92, 29.20, 
25.43, 25.24, 21.96; Anal. Calcd. For CjiHajNA: C. 63.47; H, 5.83; N, 10.57. Found: C. 
63.12; H. 5.68; N,10.4L 
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l,8-Diazabicyclo[5,4,0]undec-7-€aie (0.29g. 1.90 mmol) was added to a stirred 
suspension of 4-(aminomethyI)-2-(2,6-dioxo(3-piperidyl))isoindoliiie-l,3-dione 
hydrochloride (0.6g, 1 .85 mmol) in CHjCN (50 mL). After stirring for 20 min, phenyl 
isocyanate (0.33g, 2,77 mmol) was added. The mixture was stirred at room temperature for 

15 17 hours. The solvent was removed /» vac«o and the residue was dissolved in CH^Clz (70 
mL). The CHiClj solution was washed witii IN HCl (30 mL), H^O (30 mL), brine (30 mL) 
and dried QA^O^). The solvent was removed in vacuo and the residue was pmUSed by 
chromatography (SiOj, CHjCli : EtOAc 7:3) to give N-{[2-(2,6-dioxo(3-piperidyl))-l,3- 
dioxoisoindolin-4-yl]meth)1}Q)hCTylamino)caiboxamide (0.23g, 31%) as a white solid: mp 

-20 212-214°C; 'H NMR pMSO-dj) 5 11.15 (s, IH), 8.78 (s, IH), 7.88-7.76 (m, 3H), 7.37 (d, 
J=^.7 Hz, 2H), 7.21 (t, J=7.7 Hz, 2H), 6,89 (t, J=7.3 Hz, IH), 6.76 (t, J=5.9 Hz, IH), 5.20- 
5.13 (dd, J=5.3 and 12.5 Hz, IH), 4.72 (d, J=5.9 Hz, 2H), 2.97-2.84 (m. IH), 2,65-2.49 (m, 
2H), 2.09-2.05 (na, IH); "C NMR (DMSO-dj) 5 172.72, 169.79, 167.58, 166.99, 155.22, 
140.25, 134.69, 133.63, 131.59, 128.60. 127.18, 121.83, 121.18, 117.70.48.86.38.71, 

25 30.92, 21.97; Anal. Calcd. For C2iH„NA: C, 62.07; H, 4.46; N, 13.79. Found: C, 62.14; 
H. 4,49; N. 13,49. 
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H H 



1.8-Dia2abicyclo[5,4,0]undec-7-ene (0.29g. 1.90 mmol) was added to a stiired 
suspension of 4<anunomethyl)-2-(2,6-dioxo(3-piperidyl))isoiiKiolme^ 
hydrochloride (0.6g. 1.85 nunol) in CH3CN (50 mL). After stirring for 20 min. n-butyl 
isocyanate(0.27g, 2.77 nunol) was added. Tlie mixture was stirred at room temperature for 
1 7 hours. The solvent was removed in vacuo and the residue was dissolved in CH.Cl^ (70 
mL). The CH^Cl, solution was washed with IN HCl (30 mL). H,0 (30 mL), brme ( 30 mL) 
and dned (MgSO^. The solvent was removed in vacuo and the residue was purified by 
chromatogr^hy (SiO,. CHA: EtOAc 1:1) to give N-{[2-(2.6-dioxo(3-piperidyl))1.3- 
dioxoisoindolin-4-yi]methyl}(bulylannno)carboxamide (0.44g, 61%) as a white soUd- mp 
172-174'C; 'H NMR (DMSO-d^ 5 1 1.13 (s. IH). 7.86-7.68 (m, 3H), 6.42 (t. J=5 9 Hz 
IH), 6.12 (t. J=5.4 Hz. IH). 5.18-5.1 1 (dd. J=5J2 and 12.4 Hz, IH). 4.63 (d. J=5 9 Hz i'h) 
103-2.83 (rr, 3H). 2.64-2.51 (m. 2H). 2.08-2.04 (m. IH). 1.37-1.22 (m, 4H). 0.86 (t. i=7.o' 
Hz, 3H); NMR (DMSO-d^ 5 172.70. 169.77. 167.54. 167.00. 157.98. 141.14. 134 56 

133.33.131.47.126.94,121.58.48.80.38.98.38.70.32.01.30.90.21.95.19.46 13 64- ' 
Anal. Calcd. For C.^^A: C. 59.06; H. 5.74; N. 14.50. Found: C, 59J24; H 5 53- N 
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l,8-Diazabicyclo[5,4,0]undec-7-ene (0.29g, 1.90 mmol) was added to a stiired 
suspension of 4-(ammomethyl)-2-(2,6-dioxo(3-piperidyl))isoindoline-l ,3-dione 
hydrochloride (0.6 g, 1.85 mmol) in CHjCN (50 mL). After stirring for 20 min, propyl 

15 isocyanate (0.24 g, 2.77 mmol) was added. The mixture was stirred at room temperature for 
17 hours. The solvent was removed and the residue was dissolved in CH2CI2 (70 mL). The 
CHjaj solution was washed with IN HCl (30 mL), H^O (30 mL), brine (30 mL) and dried 
(MgS04). The solvent was removed zn vacuo and the residue was purified by 
chromatography (SiOj, CHjClj; CH3OH 100: 3) to giveN-{[2-(2,6-dioxo(3-piperidyi))-l,3- 

20 dioxoisoindoIin-4->d]methyl}(prDp^amino)ca]:boxamide (0.13g, 20%) as a white solid: 
mpieO-iea'C; 'H NMR (DMSO-dj) 5 1 1.14 (s, IH), 7.86-7.69 (m, 3H), 6.44 (t, J=5.9 Hz, 
IH), 6.16 (t, J=1H), 5.18-5.1 1 (dd, J=5.3 and 12.4 Hz. IH), 4.63 (d, J=5.9 Hz, 2H), 2.99- 
2.83 (m, 3H), 2.64-2.50 (m, 2H). 2.08-2.04 (m, IH). 1.42-1.32 (m, 2H), 0.83 (t, J=^.3 Hz, 
3H); »C NMR (DMSO^ 5 172.78. 169.84. 167.59. 167.05, 158.03. 141.16, 134.62, 

25 133.34, 131.51, 126.96, 121.63, 48.82, 41.18, 30.94, 23.15, 21.99, 11.33; AnaL Calcd. For 
CigHjoNA: C, 58.06; H, 5.41; N, 15.05. Found: C, 57.94; H, 5.31; N, 14.90. 
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l,8-Diazabicyclo[5,4,0]undec-7-ene (0.29g, 1.90 nmiol) was added to a stiired 
suspension of 4-(aminome%l)-2-(2,6-dioxo(3-piperidyl))isoindolme-l,3-dione 
hydrochloride (0.6g, 1 .85 nunol) in CHjCN (50 mL). After stirring for 20 min, cyclohexyl 
isocyanate (0.35g, 2.77 mmol) was added. The mixture was stirred at room temperature for 
17 hours. The solvent was removed in vacuo and the residue was dissolved in CH2CI2 (70 
mL). The CH2CI2 solution was washed wift IN HQ (30 mL), H^O (30 mL), brine (30 niL) 
and dried (Mg^O^. The solvent was removed in vacuo and the residue was purified by 
chromatography (SiOi, CH^Clj: EtOAc 1:1) to giveN-{[2-(2,6-dioxo(3-piperidyI))-13- 
dioxoisoindolin-4-yl]methyl}(cyclohexylamino)caiboxamide (0.37g, 49%) as a white soUd: 
mp 208-210''C; 'HNMRCDMSO-dj) 5 11.13 (s, IH), 7.86-7.68 (m, 3H), 634 (t, J=5.8Hz, 
IH). 6.04 (d, J=7.9 Hz, IH). 5.18-5.11 (dd, J=5 J and 12.4 Hz, IH), 4.62 (d, J=5.8 Hz, 2H), 
3.37 Cm. IH). 2.96-2.83 (m, IH), 2.63-2.50 (m, 2H), 2.08-2.04 (m, IH), 1.76-1.02 (m, lOH); 
"CNMR(DMS0-ds)8 172.78. 169.84. 167.59, 167.04, 157.28. 141.13, 134.64. 133.42. 
131.51, 126.98, 121.64, 48.82, 47.91. 38.66, 33.23, 30.94, 25.27, 24.47, 21.99; Anal. Calcd. 
For CjiH^^NA: C, 61.16; H, 5.87; N, 13.58. Found: C, 61.21; H, 5.79; N. 13.63. 
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10 " " 

l,8-Diazabfcyclo[5,4,0iiindec-7-ene (0.29g, 1 .90 mmol) was added to a stirred 
suspension of 4Kaminomethyi)-2-(2,6-dioxo(3-piperidyl))isoindoline-U.dione 
hydrochloride (0.6g, 1.85 mm61) in CHjCN (50 mL). After stirring for 20 min, isoprppyl 

15 isocyanate(0.24g, 2.77 mmol) was added. The mixture was stinred at room temperature for 
17 hours. The solvent was removed in vacuo and the residue was dissolved in CH^CIj (70 
mL). The CHjaj solution was washed with IN HQ (30 mL), KJO (30 mL), brine (30 mL) 
and dried QA^O^). The solvent was removed in vacuo and the residue was purified by 
chromatography (SiO,, CHjClj: CH3OH 97.5:2.5) to giveN-{[2-(2,6.dioxo(3-piperidyl))- 

20 l,3-dioxoisomdohn-4-yI]methyl}[(methylethylamino)]carboxaniide (0.25g, 36%) as a white 
solid: mp 180-182°C; 'H NMR (DMSO-dj) 8 11.19 (s, IH), 7.87-7,68 (m, 3H), 6.33 (t, 
J=5.9 Hz, IH), 6.02 (d, J=7.5 Hz, IH), 5.18-5.11 (dd, J=5.2 and 12.4 Hz, IH), 4.62 (d, 
J=5.9 Hz, 2H), 3.73-3.35 (m, IH), 2.98-2.83 (m. IH), 2.63-2.50 (m, 2H). 2.08-2.04 (m, IH). 
1.04 (d, J=6.5 Hz, 6H); "C NMR pMSO-dj) 8 172.78, 169.85. 167.59, 167.05, 157.36, 

^5 141.16, 134.65, 133.39. 131.52, 126.98. 121.64, 48.82, 41.03, 38.64, 30.94, 23.18, 21.99; 
Anal. Calcd. For C.jHjoNA: C, 58.06; H, 5.41; N, 15.05. Found: C, 58.20; H, 5.44; N, 
14.95. 
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10 H H 



l.S-DiazabicycIo[5A0]undec-7-ene (0.29g, 1.90 xmnol) was added to a stined 
su^en^cm of 4-(ammomethyI)-2<2.6Kib^^ 

hydrochloride(0.6g.l.85„unol)inCH3CN(50mL). After stimng for 20 nun.oct34 
t^(0.4462.77n.nol)wasadded. Haenuxture was stirred at room tenxplture for 

giveN-{[2.(2.6-dioxo(3.piperidyl))-l,3^oxoisoindolin-4- 

yl]mefliyl}(octylammo)carboxanude (0.46g, 56%) as a white solid: mp I60-162»C- >H 

>^(DMSO-d^5lU4(s.lH).7.85.7.68(n,3H),6.43(U=6.0Hz.lH) 6 13 ^ J=56 
20 IH). 5. 18-5.1 1 (dd, ;=5.3 and 12.5 Hz. IH), 4.62 (d. ;=6.0 Hz. 2^^^ 3^2. 1 3P, 

2.64-2.50 (n,.2H). 2.08-2.04 (..IH). 1.36-1^4 (n.l2H).0.85(U=6.2Hz3H)^^^.^^^^^ 
(DMSOd^S 172.75. 169.82. 167.57. 167.03. 157.99. 141.19. 134.57. 133.;3.^;i 50 
126.95. 121.61. 48.82. 39.32. 38.83. 31.21. 30.93. 29.92. 28.73. 28.69. 26 37 22 07 21 98 
^^13.93;A^^^ 
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carboxamide T-USt 



10 




1.8-Diazabicyclo[5,4,0]undec-7-ene (0.29g, 1.90 mmol) was added to a stined 
suspension of 4-(aininomethyl)-2K2,6-dioxo(3-pipeiidyl))isoindolme^ 
hydrochloride (0.6g. 1.85 mmol) in CH3CN (50 mL). Alter stirring for 20 min. berizyl 
isocyanate (0.32g. 2.41 mmol) was added. The mixture was stirred at room temperature for 
17 hoiBS. The solvent was removed in vacuo and the residue was dissolved in CH.Q, (70 
mL). The CHjCl, solution was washed with IN HCl (30 mL). H,0 (30 mL), brine (30 mL) 
anddried(MgSOJ. The solvent was removed /« vac«o and the residue was purified by 
2? ol^n^gn«»hy(SiO,CT,Cl,:CH30H96:4)togiveN-{[2K2.6-dioxo(3-piperi^^^^^ 3- 
dioxoisoindolin-4-yl]methyl}(ben2ylamino)caiboxamide (0.42g, 54o/„) as a white solid- mp 

192.194»C; 'HNMR (DMSOkU 6 11.13 (s. IH). 7.86-7.69 (m. 3H). 7.34-7.19 (m 5H) 
6.67 (t. J=5.8 Hz. IH). 6.60 (VJ-5.9 Hz. IH) 5.18-5.11 (dd. J= 5.3 and 12.5 Hz. lli) 4 67 
(d. J=5.9 Hz. 2H). 4.23 (d. J=5.8 Hz. 2H). 2.97-2.83 (m. IH). 2.63-2.50 (m. 2H). 2.07-2.03 
(m. IH); »c NMR (DMSO-d«) 5 175.63. 172.75. 167.56. 167.03. 158.05. 141.01. 140 70 
134.61, 133.31, 131.52, 128.19. 126.98. 126.55. 121.66. 48.83. 42.99. 30.93. 21.98; Anal' 
Calcd. For C^^,0,: C. 62.85; H. 4.79; N. 13.33. Found: C. 62.78; H, 4.53; N. 13 18 
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1 .8-D,azabicyclo[5.4.0]ond«-7-«« (O.SSg. 3.81mmol) wa. «id«J to . «ta«l 
su^,„„of4K™mome.hyl)-2K2.6^ox<<3-pipai^^ 
hydrochlonde (0.6g. 1.85 ™„l) fa CH,CN (SO mL). After sdntag fcr 20^1. 4- 
a.ln>pte,yl-NK.yclopn,pylcaAamate(0,41g. 1.85 mmol) was «Id«l V^nd^^ 
stw^^ro^U^ra^^t^Ul.^. H.. mixture™ filtered «rf ft. 
«^»ed metaool .„ give N-«2-(2.6-dioxo(3-pipenV.yl,H J^«oi»i„dolin^ 
^]»«%i)(eyc.opropylami>ro)carboxamde (0.53g, 7794) as a wUte soUd: mp 245.247-C- 

'HNMRpMSOA)81I.14(s.lH).7.87.7.69(„r.3H).6.5S(U-57H. im 645I, 
J-^^ .H)5.19-5.11 (dd. ;^.4 and 12.5 Hz, IH). 4. 5 (d, ;^ 1 2^;* 3 1 

20 ■H).0,«.0.55(ra.ic.„.40^.:4Z^ f;c'^ 

^ PMSO^y 8 17X75. .6,.82. 167.63. 167.04. 158.69. ,41.11. 134.61. 13 26?3 49 

26.94. 121.60. 48,83. 30^3. 22.37. 21.97. 6.59; Anal. Calcd. For 0,^- C 58 37- « 
4.90;N.15.13.Pound:C,5S.26;H.4.82:N.14.85. .^.O.- C, 58 J7. H. 



30 




h,d.™M„r.de(0.6^,.85™„«i,cH.CN(50n^.). After «i»«fcr 0.™.e*yl 
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idothiocyanate(0.2g, 2.22 mmol) was added. The mixture was stirred at zoom temperature 
for 17 hours. The solvent was removed in vacuo and the residue was dissolved in CHjClj 
(70 mL). The CHjClj solution was washed with 2N HCl (30 mL). HjO (30 mL), brine (30 
mL) and dried (MgSO^). The solvent was removed and the residue was purified by 

5 chromatography (SiO^, CH^Cl^rEtOAc 6:4) to give 2-(2,6^oxo(3-piperidy0)-4- 

({[(ethyIamino)thioxomefliyl]amino}meth3^isoindoline-13-dione (0.33g, 48%) as a white 
solid: mp 154-156°C; 'H NMR (DMSOny d 1 1.14 (s. IH). 7.86-7.66 (m, 5H), 5.19-5.09 
(m, 3H). 3.38 (m, 2H), 2.98-2.83 (m, IH), 2.64-2.50 (m, 2H), 2.08-2.04 (m, IH), 1.09 (t. 
J=7.I Hz. 3H); "C NMR (DMSO-d^) d 172.78, 169.85, 167.56, 167.02, 139.64, 134.53, 

10 133.22, 131.54, 127.06. 121.76. 48.85, 42.74. 30.84, 22.80. 21.99, 14.32; Anal. Calcd. For 
C,7H,8N40,S: C, 54.53; H, 4.85; N, 14.96; S, 8.56.Found: C, 54.89; H, 4.82; N, 14 72' S 
8.51. ' ' 



.{ S-f 2-(2,6-Dioxo-piT)eridiiT3-vlVl .3-diox.^ -23-dihvdm-1 W- isoindo1-4-v»r.i.Th5.m,.yl1. 
pentvU-carhaiTuV. anH henzvl ester T- 1 17 



20 




A solution of 6-ben2yloxycarbonylammo-hexanDic acid(2.65 g, lOmmol) inthionyl chloride 
(15 ml) was heated to reflux Ih. The reaction mixture was aUowed to cool to room 
temperature and the solvent was evaporated in vacuo to give (5-chlorocaibonyi-pentji)- 

25 carbamic acid benzyl ester as tan oil. The oil was used without further purification. (5- 
CWorocarboiiyl-penlyO-carbamic acid benzyl ester was dissolved in THF (50 ml). To this 
sohition was added 4-amino-2-(2,6-dioxo(3-piperidjd))i8oindoIine.U.dione (1.37 g, 5 
mmol). The resulting suspension was to reflux for 4 hours. The solvent was evaporated w 
vacuo and the resulting soUd was partially purified by flash chromatogtaphy (60/40 ethyi 

30 acetate/hexane) to give a light yeUow solid. Thesolid was recystallizedfiom minimal ethyl 
acetate to give 1.24 g (48%) of product as an off-white solid: mp 122-125 'C; »H NMR 
(pUSO-d^ 11.18 (s, IH), 9.70 (s, IH), 8.49 (d, J=8.4 Hz. IH). 7.83 (t, J=7.7 Hz. IH). 7.61 
(d, J=7.2 Hz. IH), 7.34-7.24 (m, 6H), 5.16 (dd, J=5.1 and 12.6 Hz. IH), 5.00 (s. 2H). 3.02- 
2.84 (m, 3H). 2.65-2.43 (m. 4H). 2. 12-2.05 (m, IH). 1.65-1.15 (m, 6Kt "C NMR (DMSO- 

35 rf^ 172.75. 17L95. 169.77. 167.72, 166.67, 156.08, 137.29. 136.57. 136.09, 131.43. 
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5 



128.32, 127.70. 126.21. 1 18.25. 1 16.90. 65.08. 48.92, 36.47. 30.94. 30.67. 29.14. 25 77 
H^sl^fN^lO^^ 

2-MethoxY.N.r?.(WthY l-0 6 dinr n rinrM,iin.3-vn.1 .-HW... , 
Vll-acaainj ^^iT-lia 



10 




To a s^e„si<m of 4-ammo.2<3.meth,|.2.6^„x<Hpip^<B^3-ylH^^^^ 
O^IO 6 0.35 nunol) in THT (15 „U) ,va. added m=aoxyaoe,yl chloride (0,08 g, 0.70 mmol). 
11» w«, h«.«i to reflux fcr 6 ho„^ The reaction mi«„re waa allowed to cool mi 

lothe«.hM,onwaaadd«im«hanoI(2na). The reaction mixture waa admd for an 
addlttonal 15 minute allowed by solvent evaporation in vacuo. The reauldng solid was 

.lumed in diethyl ether (20 mo aui Site™, to give 0.11 g (87 %) of pnxl„« aa an off-wUt. 
20 ""'f "'^^•'=:'HNMRff>MSO^ 11.07 (a. IH). 10.26 (a, IH), 8.68 (d. ,=8.3 
^ Hz.lH,.7.82(U=7.7Hz. •H).7^5(d.;^^Hz. IH), 4.10 (s.2H). 3.47 (a. 3H) 277 2 51 

(m,3H,.2,09.2.04(m. IH), ..90(a,3H,; "CNMRpKlSO^^ ,72.12. 1 99 1^15 

2r53";r^i"Sjr 

25 

P^^,ic„^d r7-(3-n,shyl-2Mioro-n.^d.n 1 ^^.w . , ^.^ .^^^ .^^ , 

4-vll-amide f-nQ ^ 
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To a suspension of 4-amino-2-(3-me%l-2,6-dioxo-piperidin-3-yl)-isoindole-13-dione 
(0. 10 g, 0.35 mmol) in THF (15 ml) was added valeryl chloride (0.08 g, 0.70 mmol). The 
mixture was heated to reflux for 18 h. The reaction mixture was allowed to cool and to the 
solution was added methanol (2 ml). The reaction mixture was stirred for an additional 15 

5 minutes followed by solvent evaporation in vacuo. The resulting solid was slurried in 
diethyl ether (20 ml) and filtered to give 0.1 1 g (81 %) of product as an ofif-white solid: mp 
m-rn'O; 'H NMR pMSO-rf^) 11.04 (s. IH), 9.65 (s, IH). 8.50 (d, J=8.4 Hz, IH), 7.79 
(t, J=7.8 Hz, IH). 7.52 (d, J=7.2 Hz. IH). 2.74-2.44 (m, 5H), 2.10-2.03 (m, IH). 1.90 (s. 
3H). 1.66-1.54 (m. 2H), 1.42-1.27 (m. 2H), 0.91 (t. J«7.3 Hz. 3H); '^C miR (DMSO-d^ 

10 172.13, 172.03, 168.75, 167.36. 136.42. 135.91, 131.20, 125.68. 117.71, 116.29, 58.81. 
36.25, 29.07. 28.54. 26.83. 21.65. 20.98. 13.64; Anal. Calcd. For C.^HjiNjO,: C, 61.39; H, 
5.70; N, 11.30. Found: C, 61.03; H. 5.51; N, 1 1.13 + 0.02 HjO. 

Heptanoic acid r2-f 3-methvl-2.6-dio xo-piDeridin-3-vn-1.3-diQxo-2.3-dihvdTO-1 H-isoindol- 
15 4-vn-amide I-12Q 



To a suspension of 4-aniino-2-(3-meth34-2,6-dioxo-pq>eridin-3-3^)-isoindole-13-dione 
(0.10 g, 0.35 mmol) in THF (15 ml) was added heptanoyl chloride (0.10 g, 0.70 mmol). 
The mixture was heated to reflux for 1 8 h. The reaction mixture was allowed to cool and to 
the solution was added methanol (2 ml). The reaction mixture was stirred for an additional 
1 5 minutes followed by solvent evaporation in vacuo. The resulting solid was shmied m 
diethyl ether (20 ml) and filtered to give 0.10 g (74 %) of product as an ofif-white soKd: top 
172-174°C; 'HNMR (DMSO-(/<^ 11.05 (s. IH). 9.65 (s, IH). 8.50 (d. J=8.3 Hz, IH). 7.79 
(t, J=7.6 Hz. IH). 7.52 (d, J=7.2 Hz, IH). 2.77-2.43 (m. 5H). 2.08-2.03 (m. IH), 1.90 (s, 
3H), 1.61 (t. J=6.4 Hz, 2H). 1.29 (bs, 6H). 0.87 (t, J=6.3 Hz. 3H); »C NMR (DMSO-</«) 
172.12. 172.02. 168.74, 167.36. 136.41. 135.90. 131.20, 125.70, 117.71, 116.31. 58.81, 
36.51. 30.93. 29.07, 28.54. 28.12. 24.69, 21.94, 20.98, 13.86; Anal. Calcd. For CjiHjjNsO,: 
C, 62.83; H, 6.33; N, 10.47 Found: C. 62.45; H, 6.18; N, 10.24 + 0.50 HjO. 
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3-Chloio-N-f2-r3-methvl>2,6-dioYoWridin-Vvn-l Vd,W7^-H;hvri» > .m.i.^^^^ 
vll-benzamide 1421 



0 0^ 




10 

To a suspension of 4-ammo-2-(3-methyi-2.6-dioxo-piperidin-3-yl)-isoindole-1.3-dione 
(0.10 g, 0.35 mmol) in TEF (15 ml) was added 3-chlorobenzoyl chloride (0.12 g, 0.70 
mmol) The mixture was heated to reflux for 18 h. The reaction mixture was allowed to 
cool and to the sohition was added methanol (2 ml). The reaction mixture was stirred for an 

15 additional 15 minutes followed by solvent evaporation in vacuo. The resulting solid was 
slurried in diethyl ether (20 ml) and filtered to give 0. 1 1 g (73 %) of product as an off-white 
soUd: nip283-285«'C;'HNMR(DMSCW,) 11.06 (s. IH). 10.43 (s. IH). 8.48 (d,J=8.3 
Hz, IH), 7.98-7.61 (m, 6H), 2.80-2.51 (m, 3H), 2.11-2.01(m. IH). 1.92 (s. 3H), 1.61 (t, 
J=6.4 Hz, 2H). 1.29 (bs, 6H). 0.87 (t, J=6.3 Hz, 3H); »C NMR (DMSCW^ 171.72, 171.64, 

20 168.53. 167.11. 163.55, 135.81. 135.75. 13535, 133.59. 132.07, 131.03, 130.73. 127.03, 
126.37. 125.58, 1 18.43. 118.06. 58.80. 28.90. 28.37, 20.84; Anal. Calcd. For C„H,«CINA: 
C. 59.23; H, 3.79; N, 9.87 Found: C, 59.00; H, 3.80; N, 9.70. 

.N-r2-r3-Methyl-2,6-dioyo-piperidin-3-vlV1.3-dioxo-2.3-riiliv dro-lH.ifinfa 
25 propionaTniHft 1-122 



30 




To a suspension of 4-amino-2-(3-methyl-2,6-dioxo-piperidin-3-yl).isoindole-1.3-dione 
35 (0.10 g, 0.35 mmol) in THF (15 ml) was added propionyl chloride (0.07 g. 0.70 mmol). 
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to solution wa. added meaanolp^O. Il»»ac«o„n>ict»rewa.ata«lfcra„«Jdi«onal 
15,nmutesfollowedbysolv«te»^™i„„^. The Ksaltfag solid «a.d„med in 

5 *?" " ^ O'" 8 (« '>fP«xta=t " » off-wldte solid- ™, 

222.224-C: 'H NMR (DMSCWJ , 1.03 (s, IHX 9.63 (s. IH), &51 (d, J=8.3 Hr. IH). 7 79 
(.. J=7.6 Hz,lH), 7.51 (d, J=7.3Hz, IH), 2.76-145 (m. 5H), 2.10-2.03 (m, IS). 190 (s 3H1 
l.U(U=7.5H.,3H);»CNMR(DMS<WJ 172.70. ,72.14. 172.03, 168.80. 167 37 
m.48. 135.94. 131.20. 125.59, .17.67. 116.21, 58.81. 29.71, 29.07, 28.53, 20.97.14.'74 

10 l'^,^'^^"''^'^'°'^'^''-*-'-«.*^iK12M Found: C 59.24; H.5.0.;; 

Biophene-2-carhoxvlic acid P-n-methvl 2.6.Hinv..p V^-^,-,,..,,^^;,^,^^^^ 
lH-lsomdn1-4-Yl]-aT,lifjf. Jif^ 



15 




20 



Toasu^«^.onof4.aimno.2<3-methyl.^^^^ . 
(0-l<>&0-35nm.ol)inTHF(15id)wasadded2.tJuopW 

nnnol). The mixture was heated to r«flux for 18 THereactionmixture was allowed to 
coolandtothesolutionwasaddedmethanol(2nd). lUe reaction mixture was stirred for an 
additional ISminutesfonowedbysolventevaporationihvaa*,. Tl.e resulting soUd was 
sWdmethyl acetate (lOmI) and filtered to give0.13gofIi^tyeUowsolid.llK.soHd 

30 M ?! ^''HNMRCDMSO-^,) 1 1-07 (s. IH), 1032 (s. IH). 8.49 (d.J-^.4 Hz. IH) 798 
30 d =4.8^,H).7.89.7.83(m.2H).7.59(d,J=^^^^ 

2.51(m.3H).2.12-2.01(m,lH),1.92(s.3H);'3cNMR(DMSCW^ 17210 17199 

118 2"' IT -^^^^^^^^^^^^ 

3.84; N. 10.53 Found: C. 56.91; H. 3.48; N. 10.55 + 0.1 H^O. 
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CO2CH3 



CO2CH3 



S-Amino-phthalic acid dimethyl ester (1.05 g, 5 mmol) was treated in the same manner i 
described above for the synthesis of 3-pentylamino-phthaUc acid dimethyl ester. The 
10 product of the reaction was used without further purification. 

3-rf5-Methvl-fiiran-2-vlme t[ivn-aminn]-phthalicaciri 

,COOH 
^COOH 



15 




3-[(5-Methyl.furan-2-ytaiethyl)-amino]-phfliaUc add dimethyl ester (5 mmol) was treated in 
20 the same manner as described above for the synthesis of 3-(2-methoxy-ethyIamino>phthalic 
acid. The product of the reaction, which contained a mixture of diacid and monomethyl 
esters, was used without finrdier purification. 

2-(2.6.Diox9-piperidin-Vvn.4-rf5-met]w1.fi.ra n-2-vhnethvlVfln.,n o1-i^^^ 
25 1.124 



30 




3-[(5-Methyl-furan-2-yhnethyI)-amino]-phthaUc acid (5 mmol) was treated in the same 
manner as described above for the synthesis of 2-(2,6-dioxo-piperidin-3-ylH-(2-methoxy- 
35 efliylamino)-isoindole-1.3-dione. The residue was purified by preparative HPLC 
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(Symmetry C,s. isocratic. 35/65 acetonitrile/water) to give 0.31 g (20%) of product as a 
yellow solid: mp 305-307»C; 'H NMR PMSO-rf,) 5 1 1.10 (s. IH), 7.58 (t, J=7.7 Hz,lH). 
7.18 (d, J=8.6 Hz, IH), 7.06 (d, J=7.1 Hz. IH). 6.93 (t. J=6.0 Hz. IH), 6.22 (d, 1=^.9 Hz. ' 
IH), 5.98 (d. J=l .9 Hz, IH). 5.07 (dd, J= 5.3 and 12.5 Hz. IH), 4.49 (d, J^.O Hz. 2H). 
2.97-2.82 (m. 1 H). 2.62-2.44 (m. 2H). 2.22 (s, 3H), 2.06-1.99 (m. IH); »C NMR piV^O- 
d,) 8 172.77, 170.02, 168.77, 167.21. 151.04, 150.02. 145.80. 136.04, 132.08. 117.57, 
1 10.96. 109.63, 108.27. 106.34. 48.55, 38.94. 30.95, 22.10, 13.24; Anal. Calcd. For ' 
Cj^pNjOj; C, 62.12; H, 4.66; N. 11.44. Found: C. 61.75; H, 4.71; N. 11.15. 

3-fr5-HYdroxYmethyl-furan-2-vlmethvn-ftniinn]-p htfaalic acid dimBft^vi 
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CO2CH3 



CO2CH3 



5-Hydioxyine%l-furan-2.caAaldehyde (0.95 ml, 7.5 mmol) was treated in the same 
maimer as described above for the synthesis of 3-pentylaimno-phthalic acid dimethyl ester. 
The residue (oil) was purified by chromatography (Si 0„ 40/60 ethyl acetate/hexanes) to 
give 0.97 g (76%) of yellow oil: 'H NMR (CDCI3) 6 7.35-7.27 (m. lH).7.05(bs. IH) 
6.87-6.83 (m. 2H). 6.21 (d. J=3.1 Hz, IH). 6.17 (d. J=3.2 Hz, IH). 4.57 (s. 2H), 4.38 (bs 
2H) 3.86 (s. 3H). 3.83 (s. 3H), 1.98 (bs. IH). 



25 



3-r(5-HvdroxvmetTivl.fr r»m- ?-vimethvlV.;^ Ti ;i i no1^>itTia1i> anirj 



30 "^9, /T^ y^cooH 




(/I 

O' 



3-[(5-HydroxymethyI-furan-2-yteiethyl)-aniino]-phthaUc acid dimethyl ester (0.97 g, 3.04 
««nol)wastreatedinthesamemannerasdescribedaboveforthe8ynthe8is6f3.(2-' 
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of diacid ami moiKMuethyl estas, wa, Bed wiftout tether pmflcuion. 



2-(2.6-Dioxo-p ipftr 
5 dione 1-125 



10 



.0 O 




3-[(5-Hydrox>^ethyi- W2-yImethyI)-^^^^^ acid (3.04 mmol) was treated in 

thesame manner as described above for the sjoathesis of 2-(2.6.Dioxo-piperidin-3-yl)-4-(2- 
methoxy^ylannno)-isoindole.l.3-dione. THe soUd yeUow residue was purified by 
chromatography (SiO, 60% ethyl acetate/hexanes) to give 0 

dissolved in methylene chloride (70 ml) and washed with saturated NaHC03 (2 x 1 00 ml) 
brme (1 x 100 ml), dried (magnesium sulfete). and filtered. The solvent was evaporated 
leavmg0.32g(27o/o)ofprDductasayeIlowsolid: mp 172-174»C; 'HNMR(DMSO-rf,) 

(m, 1 H). 2.63-2.46 (m. 2H). 2.06-1.99 (m. IH); "C NMR (DMSO-^^ 5 172.80 170 07 
68.80. 167.24. 155.00. 151.10. 145.79. 136.08. 132.12. 117.57. 111.04, 109.71 8 06 

N. 10.96. Found: C. 59.30; H, 4.54; N. 10.70. ' 



?-f(ThjTOheil-?,-vtoiethv1V»m,»,»]-p htbalic 



30 




CO2CH3 



CO2CH3 



35 



-176- 



wo 02/059106 



PCT/USOl/50401 



5 



2-ThiophenecarboxaIdehyde (1.12 g, 10 mmol) was treated in the same manner as described 
above for the synthesis of 3-pentyiamino-phthaUc acid dimethyl ester. The residue (oU) was 
purified by preparative HPLC (Symmetry C,,. isocratic. 45% acetonitrileAvater) to give 0.88 
g (58%) of yellow oil: 'H NMR (CDCI3) 6 7.38-7. 15 (m, 3H), 7.00-6.93 (m. 2H), 6.87-6.82 
(m. 2H). 4.58 (d. J=5.3 Hz. 2H), 3.86 (s. 3H), 3.83 (s. 3H). 



10 



3-r(Thiophen-2-vhneth yn-aminQ]-p hthfllir.flriVI 

'COOH 



3-[Crhiophen-2-ylmethyl).amino]-phthaBcaciddimethylester(0.88g,2.88mmol)wastr^^ 
in the same manner as described above for the synthesis 3-(2-methoxy-ethylamino)-phthalic 

acid. Theproductofthereaction.whichcontainedamixtureofdiaoidandmonomethylesters, 
was used without further purification. 



20 



2-f2,6-Dioxo-piperidm-3-vl)^rrihinphen-2-vlni«thvl V aminQl-i5«...,rinl^ 1.126 




3-[(Thiophen.2-yhnethyl)-amino]-phthaUc acid (2.88 mmol) was treated in the same 
mamier as described above for the synthesis of 2-(2.6-dioxo^iperidin-3-yl).4K2-methoxy- 
ethyIamino)-isoindoIe-1.3-dione. The solid yeUow residue was purified by preparative 
HPLC (Symmetry C,^ isocratic, 35% acetonitrile/water) to give 0.3 1 g (29%) of product as 
a yellowsolid: mp223-225»C; 'HNMR(DMSO-rf,) 8 11.12 (s. IH), 7.56 (U=7.8 
HZ.1H). 7.39 (d, J==4.8 Hz, IH). 7.23-6.96 (m, 5H). 5.07 (dd, J= 5.3 and 12.4 Hz, IH). 4.75 
(d. J=6.0Hz. 2H), 2.97-2.83 (m, 1 H). 2.63-2.46 (m. 2H), 2.09-1.99 (m. IH); '^C NMR 
(DMSCW^ 6 172.77, 170.03, 168.67. 167.20, 145.60. 142.51, 136.04, 132.15, 126.88, 
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125.40, 125.00, 1 17.67, 111.05, 109.80, 48.56, 40.88, 30.96, 22.10; Anal. Calcd. For 
C„H,5N304S: C, 58.53; H, 4.09; N, 11.38. Found: C, 58.20; H, 3.96; N, 10.99. 

3-(3-Chloro-benzv laTm'nft')-ph |faalic acid <iimeth\d ester 

5 

COjCHg 

CO2CH3 

CI' 

10 S-Chlorobenzacetaldehyde (1.14 ml, 10 mmol) was treated in tiie same manner as described 
above for the synthesis of 3-pentylamino-phthalic acid dimethyl ester. The residue Coil) was 
purified by chromatography (SiOz, 15% ethyl acetate/hexanes) to give 1 .61 g (96%) of 
yellow oil: •H NMR (CDCl,) 5 7.35-7.18 (m,6), 6.83 (d, J=7.4 Hz, IH), 6.65 (d,J=8.5 Hz, 
IH), 4.39 (d, J=5.8 Hz, 2H), 3.86 (s, 3H). 3.84 (s, 3H). 

15 

3-(3-Chloro-benzvlamino'>-phthalic acid 
20 ^ X^CCX)H 




3- <3-ailoro-benzj4aniino)-phthalic acid dimetliyl ester (1.61 g, 4.8 mmol) was treated in the 
same manner as described above for the synthesis of 3-(2-methoxy-efliylamino)-phthalic 
acid. The product of ttie reaction, which contained a mixture of diacid and monomethyl 
esters, was used without further purification. 

4- f3-CMoro-benzvlaminQV 2-f2.6-dioxo-piperidinO-vlVisoin^^^^ ; ^^^n^f^ T,l 17 
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3-(3-Chloro-benzylamino)-phthalic acid (4.8 nimol) was treated in the same manner as 
described above for the synthesis of 2-(2,6-dioxo-piperidin-3-yl)-4-(2-methoxy- 
ethylamino)-isoindole-l,3-dione. The solid yellow residue was slurried in diefliyl ether (30 
ml) for 18 h and filtered to give 1.42 g (89 %) of product as a yellow solid: mp 207-209 **C; 

5 >H NMR (DMSO-rf,) 5 11.11 (s, IH), 7.55-7.28 (m, 6H), 7.03 (d, J=7.0 Hz, IH), 6,95 (d, 
J=8.6 Hz, IH), 5.08 (dd, J= 5.4 and 12.4 Hz, IH), 4.58 (d, J=6.3 Hz, 2H), 2.98-2.83 (m, 1 
H), 2.64-2.46 (m, 2H), 2.08-2.04 (m, IH); '^C NMR (DMSO-rf^) 8 1 72.56, 169,84, 168.59, 
167.11, 145.76, 141.68, 136.01, 133.10, 132.16, 130.25, 126.83, 126.68, 125.48, 117.40, 
1 10.81, 109.74, 48.54, 41.54, 44.80, 30.87, 22.05; Anal. Calcd. For C20H15CIN3O4: C, 

10 60.38; H, 4.05; N, 10.56. Found: C, 60.22; H, 4.05; N, 10.38. 

3-rfPvridin-3-vlmethvr>-amino]-phthalic acid dimethvl ester 




3-Pyridinecaiboxaldehyde (0.94 ml, 10 mmol) was treated in the same manner as described 
above for the syndesis of 3-pentylamino-phflialic add dimethyl ester. After removal of 
pyridine the residue was dissolved in methylene chloride (100 ml) and washed with water (2 
X 100 ml), saturated NaHCOj (2 x 100ml), brine (1 x 100 ml), dried (magnesium sulfate), 
and filtered. The solvent was evaporated in vacuo to give an oil. The oil was dissolved in 
2^ diethyl ether (100 ml) and extracted with 0.1 N HCl (2 x 100 ml). The combined aqueous 
HCl extracts were washed with diethyl ether (2 x 100 ml) and the pH adjusted to 10 by 
dropwise addition of saturated NajCOj. The product was extracted with diethyl ether (3 x 
100 ml). The combined ether extracts were washed with brine (1 x 100 ml), dried 
(magnesiimi sulfate), and filtered. The solvent was evaporated in vacuo to give 0.91 g (61 

30 

%) of product as a light yellow oil which was used without fiirther purification: 'H NMR 
(CDCI3) 5 8.61 (d, J=2.0 Hz, IH), 8.53 (dd, J=l.l Hz and 4.8 Hz, IH), 7.65 (d, J=7.9 Hz, 
IH), 7.31-7.21 (m, 3H), 6.85 (d, J=7.3 Hz, IH), 6.69 (d, J-8.5 Hz, IH), 4,45 (d, J=5.7 Hz, 
2H), 3.87 (s,3H), 3.85 (s,3H). 
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3-f(Pvridin-3-vlmethv1Vflm ijiol-phthalic arJH 




CCX)H 



N^^A^ .NH 



3-[(Pyridin-3-ylmethyl).ainino].phthaUc acid dimethyl ester (0.91 g, 3.03 nunol) vvas treated 
in the same mamier as described above for the synthesis of 3-(2-methoxy-ethylammo)- 
10 phthalic acid except the pH of crude reaction mixture was adjusted to 2-3 by dropwise 
addition of conceatrated HCl. The solvent was then evjqwrated in vacuo leaving a dry salt 
mixture that was used without further purification. 



?-f2,6-Dioxoi3iperidin-3-vn.4-frnvridin-.^-v1mP>hvl ) .apunol.isoinri»l>.-l ,^.Hin»^ 1.128 



20 




3-[(Pyridin-3.ylmetiiyi>amino]-phthaUc acid (3.03 mmol) was treated in the same mamier 
as described above for the synthesis of 2-(2,6-dioxo-piperidin-3-yi)-4-(2-methoxy- 
25 ethylamino)-isoindole-1.3-dione. The solid yeUow residue was slurried in 50% 

methanol/ethyl acetate (20 ml) for 18 h to give 0.50 g (46%) of product as a yellow solid: 
mp 231-233 °Q 'H NMR (DMSO-rfJ 5 11.14 (s, IH). 8.63 (s, IH), 8.47 (s. IH), 7.78 (d. 
J-7.7 Hz. IH), 7.53 (t. J=7.8 Hz. IH), 7.39-7.30 (m. 2H), 7.03 (t, J=6.6 Hz, 2H), 5.09 (dd. 
J= 5.2 and 12.4 Hz. IH), 4.61 (d, J=6.0 Hz. 2H). 2.97-2.84 (m. 1 H). 2.64-2.48 (m. 2H), 
2.08-2.04 (m. IH); »C NMR (DMSO-rf,) 5 172.78. 170.05, 168.65. 167.22. 148.66. 148.27. 
145.75, 136.14. 134.79. 134.54, 132.25. 123.58. 117.50, 110.92, 109.82, 48.57. 42.99, 
30.96. 22.12; Anal. Calcd. For C,^.,NA: Q 62.63; H. 4.43; N, 15.38. Founcfc C. 6230; 
H. 4.27; N, 15.30. 
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3.r(5-Carboxv-faran-2-Ylmefhvn-animo1-nhth«li. .riA 




5-Fonnyl-funm.2-carboxyUc acid (1 g. 7.14 nmiol) was treated in the s^^ 
descnbed above for the synthesis of 3-pentylamino-phthalic acid dimethyl ester except the 
combmed aqueous NaHCOa extracts were washed with methylene chloride (1 x 70 ml) and 
thepHadjustedto 2-3 by d»pwisead«Etion of concentrated HCl. The mixture was then 
extracted with ethyl acetate (3 x 75 ml). n,e combined ethyl acetate extracts were washed 
withbrme(lxlOOml),dried(magnesiumsuIfete).andfiltered. Hie solvent was 
evaporated in vacuo to give 0.90 g product as an ofiF-white solid: 'H NMR (CDCy 5 7 42- 
7.36(m. IH). 7.16 (d.J=3.5 Hz, IH). 7.03-6.97 (m.2H). 6.90(dd, J=1.0Hzand73Hz 
IH). 6.48 (d, J=3.5 Hz. IH). 4.60 (d, J= 5.2 Hz. 2H). 3.82 (s. 3H). 3.81 (s. 3H). 

3-rf5-CaTfaoYv-f,m.n.O-Y^p iethvlWniifi»]-phihaKcaciri 

20 



HOOC . , 



Y'^cooh 



3-[(5-Carboxy-furan-2-yhnethjd>amino]-phthalic acid dimethyl ester (0.90 g. 2.70 mmol) 
was treated in the same mamier as described above for the synthesis of 3-(2-methoxy. 
ethylammo)-phthaIic acid. The product of the reaction, which contained a mixture of diadd 
and monomethyl estera, was used without further purification. 



30 
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» ^c^e^eras ..Crimed abov.f„r*.^„f,^^^^ _^_^; 

IH), 7.58 (t. J=7.8 Hz. IH). 7.17-7.07 (m. 4H), 6.51 (d, Hz, IH) 5 08 (dd J=5 2 
" Hz and ,2.4 Hz. IH). «5 (d, W.9 Hz. 2H,, 2.97-2.83 IHX 2 .^247^^ 2 07 
2.05 Cn. IH); "C NMR <BMSO-., 5 172.78. 170.02. 1 ^65^67^. , ^l^; 

"it-Zc '^-".^^ W 

HI r.-.r^^'^''"''^^^^ 



20 



25 



.CO2CH3 

II 
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3-f(4.5-Dimetfavl-furaTi-2-v| pethvlVaiTimn].phthalicft ri^ 




COOH 
NH 



3- [(4,5-Dimethyl-fum-2-ylmethyl)-ammo]-phthaUc acid dimethyl ester (0.95 g, 3 mmol) 
was treated in the same mamier as described above for the synthesis of 3-(2-methoxy- 

10 ethylaimno)-phthaUcacid. The product ofthe reaction, which contained a mixture of diacid 
and monomethyl esters, was used without further purification. 

4- ff4.5-Dimethvl-furan-?,-v!methvlVaminn]-?-f2.6-dinyn.p ip ^din-3-^^ 

1-130 

15 



20 




25 



30 



3-[(4.5-Dimethyl-furan-2-yhiiethyl).amino].phthaIic acid (3 mmol) was treated in the same 
manner as described above for the synthesis of 2-(2,6-dioxo-piperidin-3.ylH-(2-methoxy^ 
ethylaminoHsoindoI^l .S-dione. ITie solid yellow residue was purified by preparative 
HPLC (Symmetry Ci8, isocratic, 40% acetonitrileAvater) to give 0.25 g (22%) of product as 
a yeUow soKd: mp 127-129°C; 'H NMR (JMSO^^ 5 11.10 (s, IH). 7.58 (dd, J=7.4 Hz 
and 8.4 Hz, lH),7.17(d, J=8.6Hz. lH),7.06(d. J=^.l Hz, 1H),6.91 (t. J=6.1 Hz, IH), 
5.11 (s, IH). 5.06 (dd, J= 5.4 and 12.5 Hz, IH), 4.45 (d, J=6.0 Hz. 2H), 2.97-2.82 (m, 1 fi), 
2.63-2.44 (m. 2H). 2.13 (s. 3H). 2.08-1.99 (m, IH), 1.85 (s, 3H); »C NMR (DMSOO S 
172.75, 170.02, 168.77, 167.21. 148.75, 146.18, 145.82, 136.05, 132.07. 117.57, 114.16, 
110.94. 1 10.55. 109.61. 48.56, 38.94. 30.95, 22.10, 11.08, 9.50; AnaL Calcd. Fw 
C20H19N3O5: C 62.99; H, 5.02; N, 11.02. Found: C, 62.75; H, 4.97; N, 10.72. 
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3-rfBenzofuTan-2-vlmethvlVamino1-phth alic acid dimeflivl ester 



CO2CH3 



CO2CH3 



Benzofiiran-2-caibaldehyde (1.17 ml, 8 mmol) was treated in the same maimer as described 
above for the synthesis of 3-pentylamino-phthalic acid dimethyl ester. The residue (oil) was 
10 purified by chromatography (SiOz, 50% methylene chloride^exane) to give 1.12 g (83%) of 
product as a yellow oil: 'H NMR (CDCI3) 6 7.50-7.43 (m, 2H), 7.33-7. 16 (m, 3H), 6,83- 
6.84 (m, 2H), 6.58 (s, IH), 4.54 (d, J=6.1 Hz, 2H), 3.86 (s. 3H),.3.85 (s. 3H). 




15 




3-f(Benzofiiran-2-vhnetfavlVanrino1-phthalic acid 

XOOH 
COOH 



20 3-[(Benzofuian-2-3*nethyl)-annino]-phthalic acid dimefliyl ester (1.12 g, 3.3 mmoO was 
treated in the same manner as desoibed above for the synthesis of 3-(2-methoxy^ 
6aiylamino)-ph&alic add. The product of the reaction, which contained a mixtore of diacid 
and monometh}^ esters, was used without fur&er purificatian. 

4-rfBenzofur an-2-vlmethvn -aTniTift1-7-f 2.6-dioxo-pipaidin-3-vlVi^ 



30 




3-[CBenzofuran-2-ylmethyl)-amino]-phthalic acid (3.3 mmol) was treated in the same 
manner as described above for the syntiiesis of 2-(2,6-dioxo-piperidin-3-yl)-4-(2-m^oxy- 
ethylamino)-isoindole-l,3-dione. The solid yellow residue was slurried in methylene 
35 chloride (20 ml) for 18 h and filtered to give 0.59 g (37%) of product as a yellow solid: mp 
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199.20rC; 'H NMR (DMSOrf^ 8 1 U4 (s. IH). 7.61-7.52 (m, 3H). 7,29-7.18 (m. 4H). 
7.08 (d, J=7.0 Hz, IH). 6.80 (s, IH), 5.10 (dd, J= 5.4 and 12.5 Hz, IH). 4.77 (d. J=6.1 Bz, 
2H). 2.98-2.83 (m, 1 H), 2.64-2.46 (m. 2H). 2.07-2.03 (m. IH); "C NMR (DMSCW,) 5 
172.76. 170.02. 168.71, 167.20. 155.33. 154.33, 154.22. 145.71, 136.09. 132.15 127 93 
» 123.96. 122.81. 120.88. 117.64. 111.19, 110.93. 109.96, 103.85. 48.59. 30.96. 22.12; Aiial 
Calcd. For C^H^^fi,: C. 65.50; H. 4.25; N. 10.42. Found: C. 65.35; H. 4.12; N. 10.34. 



10 




15 



To a stirred solution of 3-(3-Chloro-benzylanmio)-phtbalic acid (4 nunol) in p>ridine (50 
ml) was added 3-aniino-3-methyl-piperidine-2,6-dione hydrochloride (0.71 g. 4 mmol) The 
reaction mixture was heated to reflux for 18 h. The solvent was evaporated in vacuo and 
the residue dissolved in methjdene chloride (150 ml). The methylene chloride mixture was 
washedwithwater(2x 100mI),0.1NHC](2x 100ml). brined x 100ml).dried 
(magnesium sulfete). and filtered. The solvent was evaporated in vacuo to give a yeUow 
semi-soUd. The residue was purified by preparative HPLC (Symmetry C,„ isociatic.50% 
acetonitrile/water) to give 0,67 g (41%) of product as a yellow solid: mp 199-201 "C- 'H 
NMR (DMSO-rf^ 5 10.99 (s. IH). 7.52-728 (m, 6H). 6.97-6.89 (m, 2H), 4.54 (d. J=6.1 Hz 

^ IH). 2.78-2.50 (m,3H). 2.08-1.98 (m,lH), 1.89 (s,3H);"C NMR (DMSO-rf^ 8 172 42 
172.19. 169.62, 167.92. 145.59. 141.82, 136.02, 133.14. 132.06. 130.35, 126.91, 126 78' 
125.60, 117.23.110.42, 109.49, 58.37, 44.74, 29.27. 28.62, 21.02; Anal. Calcd. For 
C2,H,gCIN304: C. 61.24; H, 4.41; N. 10.20. Found: C. 61.30; H. 4.28; N. 9.97. 

3-r4^3-Ch^oTO-^«M^7ylmn•noVl-oxo-l 3-dihvdm.i«.^«^ »p_yn.„i„,HHin..c>,^.^^».^ 1.133 
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3-<4-Ainmo-l-K)xo-U-dihydro-isomdol-2-yl)^iperidinfr-2,6^^ (1.04 g, 4 mmol) was 
dissolved in acetic acid (7 ml) with heat The mixture was cooled slightly and methylene 
chloride (50 ml) was added slowly followed by 3-chlorobenzaldehyde (0.91 ml, 8 mmol) 
and sodium triacetoxyboiohydride (2.54 g, 12 mmol). Ihe reaction mixture was stined at 
^ room tempaatoie under a nitrogen atomosphere for 2 h, diluted with methylene chloride 

(1 GO ml), washed with water (2 X 100 ml), saturated aqueous sodium bicarbonate (2 X 100 
ml), brine (100 ml), dried (magnesium sulfete), and filtered. The solvent was evaporated in 
vacuo to give a white soUd. The soUd was recystallized firom methylene chloride/methanol 
to give 0.48 g (31%) of product as a white soUd- mp 253-255°C; 'H NMR (DMSOrfs) 
^0 6 1 1.05 (s, IH). 7.45 (s, IH), 7.37-7.19 (m, 4H), 6.95 (d, J=7.4 Hz, IH), 6.63 (d. J=8:0 Hz, 
IH), 6.45 (t, J=5.9Hz. IH), 544 (dd, J= 5.1 and 13.1 Hz. 1H)» 4.41 (d, 1=5.8 Hz, 2H), 4J4 
(d, J=17.3 Hz. IH), 4.20 (d, J=17.2 Hz, IH) 3.01-2.87 (m. IH), 2.66-2.60 (m, IH), 2.42- 
2.25 (m, 1 H). 2.08-2.04 (m, IH); "C NMR (DMSO-rf,) 5 172.90, 171.24, 168.74, 143.03, 
142.59. 133.08, 132.16, 130.19, 129.12, 126.80, 126.70, 125.73, 112.27, 110.55.51.54, ' 
45.73, 45.47, 3 1.25, 22.79; Anal. Calcd. For CjoH^ClNjO,: C. 62.58. H. 4.73; N, 10.95. 
Found: C, 62.32; H, 4.61; N, 10.80. 

N- (r2-f2.6-Dioxon -piperidvnVt .3-dioxoisoindolin-4- 
vnmethvl)fcvclopentv^amiTlnV.;^rWa^^/^^ T-1 1A 



25 




l,8-Diazabicyclo[5.4,0]undec-7-ene (0.29 g, 1.9 mmol) was added to a stined suspension of 
4-(aminomethyl>2-(2.6-dioxo(3-piperidyl))isomdoline-l,3-dione hydrochloride (0.6 g, 1.85 
mmol) in acetonitrile (50 mL). After stirring for 20 min, 4-nitrophenyi-N- 
cyclopentylcaibamate (0.44 g, 1.85 mmol) was added. The mixture was stirred at room 
tcmpetatare for 17 hours. The mixture was filtered to afford N-{[2-(2,6-dioxo(3- 
piperidyl))-13^1ioxoisoindolinr4-yl]melhyl}(cyclopentylamino)cari)oxanu (0.2 g, 27%) 
as a white soUd: mp 151-153 'C; 'H NMR pMSO-d^) 5 11.13 (s, IH), 7.86-7.68 (m, 3H), 
6.31 (t, IH), 6.17 (d, J=6.9 Hz, IH), 5.18-5.11 (dd, J=4.6 and 123 Hz, IH), 4.62 (d, J-5.4 
Hz, 2H), 3.83 (q, J=6.4 Hz, 2H), 2.96-2.85 (m, IH). 2.64-2.50 (m, 2H), 2.07-2.04 (m, IH), 
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1.70-1.29 (m. 8H); "c NMR (DMSCH) 5 172.77. 169.83. 167.59. 167.04. 157 63 141 12 
134.64, 133.43. 131.52. 128.99. 121.64. 51.09. 48.83. 38.70. 32.91. 30.94. 23.16. 21 99' ' 
Anal. Calcd. For Cyi^NA: C. 60.29; H. 5.57; N. 14.06. Found: C. 60.09; H. 5.66- N ' 
14.15. * ' 



5 



N-{f2-(2,6-Dioxor3-piperidvl»-1 ^ 
PYridvlainino)caiboxaTn,rii. Wy'V'-''^"t1? 1-135 



10 



Kl. 




•9^ 



1^8-Diazahcyclo[5.4.0]undec-7-ene (0.29 g. 1.9 mmol) was added to a stin«l suspensionof 
ManunomethyI>2-(2,6-dioxo(3-piperidyI))isoindoline-1.3-dione hydrochloride (0 6 g. 1 85 
tnmol) in acetonitrile (50 mL). After stining for 20 min. (2.5-dioxopyrroIidinyloxy)-N-(3. 
pyndyDcaxboxamide (0.44 g. 1.85 xnmol) was added. ITxe mixture was stirred at room 
ten^ture for 17 hours. The mixture was filtered and the solid was rectystallized from 
methanol (25 mL) to give N-{[2-(2.6-dioxo(3-piperidyI))-1.3-dioxoisoindolin-4- 
yl]methyi}(3.pyridylaixiino)cari?oxamide(0.23g.30«/„). 2NHCl/etherwasaddedtoa 
stirred sohition of N-{[2-(2.6-doxo(3-piperidyl))-l,3-dioxoisoindolin-4-yI]met^^^ 
pyndylamino)carboxamide (0.23 g) in methanol (5 mL) and ethyl acetate (10 mL) The 
nuxture was stin«i for 2 hours and fflteredto giveN-{[2-(2,6-dioxo(3-piperidyI))-l 3- 
dxoxoisoindoIin-4-yllmethyl} (3-pyridylamino)carboxamide hydrochloride (0.2 g) as'a white 
^Kd:mp263-265»C; 'HNMR(DMS0^5 11.17(s. IH). 10.43 (s. 1H).9.08 (d. J=l 7 
Hz. IH) 8.44 (d. J=5.4 Hz, IH). 8.33-8.29 (dd. M.2 and 8.5 Hz. IH). 7.93-7.78 (m. 4H) 

7.55(t,J=6.0Hz.lH).5.21-5.14(dd.J=5.aandl2.5Hz.lH).4.80(d.J=5.9Hz,2H),297. 
2.84 (m. IH). 2.65-2.50 (m. 2H). 2.10-2.06 (m. IH); »C NMR (DMSOkL) 8 172 78 
169.83, 167.54. 166:96. 154.78. 139.97. 139.51. 134.80. 134.37. 13335, 132.34. uisO, 

C.54.12;H,4.09;N.15.78;CI.7.99.Found:C.54.11;H.4.10;N.15.44C17ir 
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N-{r2,(2,$-d;9?to(3-piperidvl)V1 ^-dioxo{soindQlin-A. v nn,e^hvl\p ip^-H YlcaAQyamiHe 
1-136 




Diisopropyle&ylamine (0.88 g, 6.79 mmol) was added to a stilted suspensioa of 4- 
10 (aminomethyl)-2-(2,6-dioxo(3-piperidyl))isomdolme-l,3-dione hyd^ g, 3.09 

mmol) in acetonitrile (50 mL). After stirring for 20 min, the mixture wslowly added to a 
stirred solution of triphosgene (0.34 g, 1.14 mmol) in acetonitrile (15 mL) over 30 min. 
After a further 10 min of stirring, a solution of piperidine (0.26 g, 3.09 mmol) and 
diisopropylethylamine (0.48 g, 3.71 mmol) in acetonitrile (10 mL) was added in one 
portion. The mixture was stirred at room temperature for 17 hours. The mixture was 
concentrated and the residue was dissolved in methylene chloride (80 mL). The methylene 
chloride solution was washed with 10% KHSO4 (30 mL). Hp (2x30 mL). brine (30 mL) 
and dried (MgSO^). Solvent was removed and the residue was purified by chromatography 

(<^2Cl2:CH30H 97.5:2.5) to give N-{[2-(2.6Khoxo(3-piperidyI))-1.3-dioxoisomdolin-4^ 
yl]methyl}piperidylcarix)xamide (0.66 g. 53%) as a white solid: mp 156-158''C; 'H NMR 
(DMSO-d,) 8 11.14 (s. IH). 7.86-7.75 (m, 2H). 7.69 (d. J=7.4 Hz, IH). 7.12 (t, 1=5.6 Hz, 
IH). 5.18-5.11 (dd. J«5.3 and 12.5 Hz. IH). 4.69 (d. J-5.5 Hz. 2H). 3.42-3.32 (m, 4H) ' 
2.96-2.83 (m, IH), 2.63-2.50 (m, 2H). 2.08-2.03 (m, IH). 1.54-1.44 (m. 6H); "C NMR 
(DMSO-d«) 8 172.74. 169.83. 167.60. 157.26. 141.46. 134.58, 132.82. 131.38, 126 74 
121.43. 48.82. 44.37, 30.93. 25.37. 24.12. 21.98; Anal. Calcd. For C^^NA+0^2 H,0: 
C, 59.70; H. 5.62; N. 13.92. Found: C, 60.14; H, 5.59; N, 13.47. 



30 



Tert-Butyl4-(N-fr2-r2.6-H,nvnf ^. piperidvnV1.3-rf,nx oi.soir,rfnKn-^ 
vnroethyUfcari?amovlWpBn. ^ecari>QYvlate f-117 
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Diisopropylethylamine (1.05 g. 8.16 imnol) was added to a stirred suspension of 4- 
(aniinome%l).2<2.6-dioxo(3-piperidyl))i8oindoIine.l.3^^^^^ hydrochloride (1.2 g, 3 71 
minol). After stirring for 20 min, the mixture was added slowly to a stirred solution'of 

triphosgene(0.41g.l.37mmol)inacetonitriIe(20inL)over30inin. After a further 10 min 
of stiirmg, a solution of t-BOC-l-piperazine carboxyiate (0.69 g, 3.71 mmol) and 
diisopropylethylamine (0.58 g, 4.45 mmol) in acetonitrile (10 mL) was added in one 
portioaThemixturewasstiiredatrDomtemperatuiefornhouis. The mixture was 
. concentratedandtheresiduewasdissolvedinmethylenechloride(lOOmL). ITiemelhylene 
chlonde solution was wadied with water (2x40 mL). brine (40 mL) and dried (MgSOJ 
Solvent was removed and the residue was pmified by chromatography (CH,CL,. CH OH 
97.5:2.5) to give tert-butyl 4KN-{[2<2.6-<aoxo(3-piperidyi)).l,3H£oxoiaDimlolia-4^ 
yl]me%I}(caibamoyl)piperazinecarboxylate (0.98 g, 52%) as a white solid: mpl58-160»C- 
•H NMR (DMSO-d«) 6 11.14 (s, IH). 7.86-7.69 (m. 3H). 7.27 (t. J=5.5 Hz. IH). 5.18-5 11 ' 
(dd, J=5.4 and 12.5 Hz. IH). 4.71 (d. J=5.4 Hz. 2H). 3.33 (s. 8H). 2.98-2.83 (m. IE), 2.63- 
2.49 (m. 2H), 2.08-2.04 (m. IH), 1.41 (s. 9H); »C NMR (DMSO-d^ 5 172 74 170 04 
169.83, 167.58, 167.03, 157.30. 153.86, 140.99. 136.52. 134.64. 132.94. 131.39, 126 80 
121.53. 1 1 1.33, 79.03, 74.43, 48.82, 43.22, 30.92. 28.03. 21.98; Anal. Calcd. For • 
C,,H,^A-K).13H,0: C. 57.44; H. 5.88; N, 13.95. Found : C. 57.83; H. 6.09; N. 13.45. 

20 

N-{r2-(2,6-D ioxof3-pipnidvnVr.^>HinvoisoindoHn-4, 
vllmetfavlirdiethvlami'nn )cari>QxaTnTrift M38 



Diisopropylethylamine (0.88 g. 6.80 mmol) was added to a stirred suspension of 4- 
(^omethyl).2.(2.6^oxo(3-piperidyi))isoh«Ioline.l.3.dionehydrxx^ 
mmol)inacetomtrile(50mL). After stirring for 20 min. the mixture was slowly adied to a 
stnred solution of triphosgene (0.34 g. 1.14 mmol) in acetonitrile (20 mL) over 20 min. 
After a further 10 min of stirring, a solution of diethylamine (0.23 g. 3.09 mmol) and 
dusopropylethylamine (0.48 g. 3.71 mmol) in acetonitrile (10 mL) was added in one 
portion. The mixture was stirred at room temperature for 17 hours, lie mixture was 
concentratedandtheresiduewasdissolvedinmethylenechloride(80mL). Tire methylene 
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cUoride solution was washed with IN HCl (40 mL), HjO (2x40 mL), brine (40 mL) and 
dried (MgS04). Solvent was removed and the residue was purified by chromatography 
(CH^Clj: CHjOH 97.5:2.5) to afford N-{[2-(2,6-dioxo(3-piperidyl))-U.dioxisoindolin^ 
yl]methyl}(diethylamino)carboxaniide (0.8 g, 67%) as a white soUd: tap 142-144"C; 'H 
NMR (DMSO-d«) 5 1 1.14 (s, IH), 7.86-7.66 (m, 3H), 6.91 (t, J=5.7 Hz. IH), 5.19-5.12 (dd 
J=5.4 and 12.6 Hz. IH), 4.70 (d, J=5.6 Hz. 2H), 3.26 (q, J=6.9 Hz, 4H), 2.98-2.83 (m. IH). 
2.64-2.49 (m, 2H), 2.08-2.04 (m, IH), 1.06 (t, J=7.0 Hz, 6H); "C NMR (DMSO-d^ S 
172.73, 169.81. 167.63, 167.04, 156.74, 134.54, 132.80, 131.38, 126.72, 121.38, 48.82, 
40.24.30.92,21.97, 13.90; Anal. Calcd. For C,^j,NA: C, 59.06; H. 5.74; N. 14.50. ' 
Found; C, 58.71; H, 5.76; N, 14.10. 

Cvclopropvl-N-ir2-r3.methvl- 2.6-dioxor3-p i>R ridvm-1.3-dinYoisoindQlin-4. 
vilmetfavUcarfaoxamide 1-139 



l,8-Diazabicyclo[5,4,0]undec-7-ene (0.68 g, 4.44 mmol) was added to a stiired suspension 

of 4-(aminomethyl)-2-(3-methyl-2,6-dioxo(3-piperidyl))isoindoline-l,3-dione hydrochloride 
(0.6 g, 1.78 mmol) in acetonitrile (50 mL). After stirring for 20 min, cyclopropanecarbonyl 
chloride (0.22 g, 2.14 mmol) was added. The mixture was stirred at room temperature for 
17 hours. The mixture was filtered and the solid was washed with acetonitrile (10 mL) to 
give cyclopropyl.N-{[2-(3-methyl-2.6-dioco(3-piperidyl))-1.3-dioxoisoindoIin-4- 
yl]methyl}cari)oxamide (0.49 g, 74%) as a v»*ite soUd: mp 243-245''C; 'H NMR (DMSO- 
dj S 11.04 (s. IH), 8.68 (t. J=5.8 Hz, IH), 7.84-7.63 (m, 3H), 5.76 (s, IH), 4.70 (d, J=5.8 
Hz, 2H). 2.71-2.54 (m, 2H), 2.10-2.02 (m, IH), 1.90 (s, 3H), 1.68-1.63 C IH), 0.71-0.68 (m, 
4H); "C NMR (DMSOds) 5 173.07, 17220. 172.15, 168.29, 167.68, 139.01, 134.61. 
133.19, 131.40, 126.78, 121.50, 58.71, 54.88, 37.72, 29.09. 28.57, 21.00, 13.51, 6.42;' AnaL 
Calcd. ForC^j^jOj! C, 61.78; H. 5.18; N, 11.38. Found: C, 61.53; H, 5.20; N, 11.39. 

Meflivl 3-br omo-2-methylbaizf»gte 

A mixture of 3-bromo-2-meaiyIbenzoic add (16 g, 74.4 mmol), sodium bicarbonate (12.5 g, 
148.8 mmol) and iodomethane (21 .2 g, 148.8 mmol) in DMF (160 mL) was heated at 60«C 
for 2 hours. The mixture was cooled to room temperature and poured into ice water (400 
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mL). The mixture was extracted with ethyl acetate (4x100 mL). The EtOAc solution was 
washed with water (3x100 mL). brine (100 mL) and dried (MgSO^. Solvent was removed 
to give methyl 3-bromo-2-methylbenzoate (17.6 g. 100%) as an oil: «H NMR (CDCy 8 
^ 7.70 (t, J=7.6Hz, 2H), 7.08 (t. J=7.9 Hz. IH). 3.90 (s. 3H), 2.67 (s, 3H). 

Methyl 3-br omo-2-brom omethv1hRn7nflte 

A mixture of methyl 3-bromo-2-methyIbenzoate (17.0 g, 74.22 mmol) and N- 
bromosuccinimide ( 15.85 g. 89.06 mmol) in acetonitrile (200 mL) was heated mider gently 
refluxing for 17 hours while a 200W bulb situated 2 cm away was shining on flie reaction 
flask. The mixture was cooled to room temperature and solvent was removed. Theresidue 
was dissolved in ethyl acetate (200 mL) and washed with water (3x80 mD^hroe ^QmL) 
and dried (MgSOj. Solvent was removed to give methyl 3-bromo-2-biomomethyIbenzoate 
(24.5 g. 97% by HPLC): 'H NMR (CDCI3) 5 7.90-7.86 (dd, J=1.0 and 7.9 Hz. IH). 7.78- 
7.74(dd.J=1.2and8.2Hz. IH). 7.22 (t. J=7.9 Hz. IH). 5.12 (s.2H). 3.95 (s.3H).' 

Tat-Butyl 2-f4-hromo-1 -oxoisQiiiH<^lin-? -vn^carhamnY lK,.f 0^^0.0 
Triethylamine (4.66 g, 46.09 mmol) was added to a stirred suspension of methyl 3-bromo-2- 
bromomefliylbenzoate (6.45 g. 20.95 mmol) and L-glutamine t-butyl ester hydrochloride 
(5.0 g. 20.95 mmol) mlHF (100 mL). The mixture was heated to reflux for 18 hours. Tb^ 
nuxtuie was cooled to room temperature and solvent was removed The residue was 
dissolved in mefliylene chloride (1 00 mL) and washed with water (2x80 mL). brine (80 mL) 
and dried (MgSOO. SoWent was removed and the residue was purified by chiomatogr^hy 
CCa^Ck: CH3OH 97.5:2.5) to afford tert4)ut3d 2-(4.bn)mo-l.oxoisoindoIin-2-yl)-4- 
caibamoylbutanoate (3.97 g, 48%): 'H NMR (CDQ,) 6 7.74 (d. J=7.1 Hz. IH). 7.65 (d 
J=7.9 Hz. IH). 7.35 (t. J-7.8 Hz, IH). 6.15 (s. IH). 5.77 (s. IH). 5.02-4.96 (m. IH). 4.58 (d 
J-I7.4 Hz, IH). 4.34 (d. J-17.4 Hz. IH), 2.45-2.10 (m. 4H). 1.46 (s, 9H); »C NMR (CDoj 
8 173.83. 169.42. 168.74. 142.28. 134.70, 133.65, 129.80. 122.70. 1 17.75. 82.66. 54 29 
47.80, 32J27. 27.95, 25.54. ' * 

30 

Tert-Butyl2-f4-cvano- l-oxofsoindo lin-2-vlV4-r.«A.niovlbatai.oate 
A mixture of tert-butyl 2-(4-biDmo.l.oxoisoindolin.2.yl)-4-caibamoyIbutanoate (1 2 g 3 02 
mmol), zinc cyamide (0.21 g. 1.81 mmol). tris(diben23dideneacetone)<KpaIladium (0.06g. 
0.06 mmol), 14 '-bis(diphenylphosphino)ferTocene (0.067 g. 0.12 mmol) in deoxygenated 
DMF(15mL)washeatedtol20oCm,derN3for6homs. The mixture was cooled to room 
temperature and poured into EtOAc (100 mL) and sat NaHCO, (40 mL). The EtOAc 
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solution was washed with water (2x40 mL), brine (40 mL), and dried (MgSO^. Solvent 
was removed and the residue was purified by chromatography (CHjCl,: CHjOH 97.5:2.5) to 
afford tert-butyl 2-(4-cyano-l-oxoisoindolin.2-yl)-4-caibanioylbutanoate (0.77 g, 74%): >H 
NMR (CDCI3) 6 8.07-8.03 (dd, J=0.7 and 7.4 Hz» IH). 7.86-7.83 (dd, J=l.b and 7.9 Hz. 
IH), 7.61 (t. J=7.6 Hz, IH), 5.91 (s, IH), 5.68 (s. IH), 5.03-4.98 (m. IH), 4.85 (d, J=17,9 
Hz. IH), 4.62 (d. J=17.9 Hz. IH). 2.48-2.41(m. 4H). 1.46 (s. 9H); »C NMR (CDCI3) 8 
173.56, 169.21. 167.70. 145.23. 134.94, 133.11. 128.93. 128.21. 115.65, 107.86. 82.98, 
63.68.54.47.46.55.32.34.27.95.25.46. 

2-(4-Cvano-l-oxoisQmdn1 in-2-vl^-4-carbamovlh^tanm•r■flri<^ 
A mixture of tert-butyl 2-(4-cyano-l-oxoisoindolin-2-yl)-4-carbanioyIbutanQate (1 J) g, 2.91 
mmol) and trifluoroacetic acid (5 mL) was stirred for 2 hours. The mixture was 
concentrated and the residue was crystallized from ether (15 mL) to give 2-(4-cyano-l- 
oxoisoindoUn-2-yl)-4-carbamoylbutanoic acid (0.74 g. 89%) as a white solid: 'H NMR 
(DMSO-d^ 8 13.12 (b. IH), 8.12 (d. J=7.6 Hz, IH), 8.03 (d. J=7.6 Hz. IH). 7.73 (t, J=7.6 
Hz, IH). 7.23 (s. IH), 6.76 (s. IH), 4.80-4.62 (m. 3H). 2.32-2.09 (m. 4H). 

2-f2.6-Dioxof3-Diperidvl'>Vl-oxQisninrfohne-4-carhf>Tn>rilft 



20 



9^ 



A mixture of 2-(4-cyano-l-oxoisoindolin-2-yl)-4carbamoylbutanoic acid (0.6 g, 2.09 mmol) 
and l.l-carbonyldiimidazole (0.44 g, 2.72 nunol) in acetonitrile (20 mL) was heated to 
reflux for 2 hours. The mixture was cooled to room temperature and filtered to give 2-(2,6- 
dioxo(3-piperidyl))-l-oxoisoindoline-4M:arbonitrile (0.44 g. 83%) as a white soKd: mp 3 12- 
3140C; «H NMR (DMSCKs) 5 11.04 (s. IH), 8.16 (d. J^.O Hz. IH). 8.06 (d, J=^.l Hz. 
IH). 7.74 (t. J=7.7 Hz. IH), 5.20-5.13 (dd. J=5.2 and 13.2 Hz. IH). 4.69 (d. J=18.1 Hz. IE), 
4.57 (d, J=18.1 Hz. IH). 2.97-2.85 (m, IH). 2.64-2.45 (m. 2H). 2.05-1.97 (m. IH); "C 
NMR (DMSO-d^ 8 172.81. 170.69, 166.49, 145.36, 135.37. 132.85, 129J6, 127.91, 
1 16.01. 107.09. 51 .77, 46.72, 31.14, 22.22; Anal. Calcd. For C„H„N303: C,'62.45; H, 4.12; 
N, 15.61. Found: C, 62.26; H. 4.10; N, 15.51. 

35 

3-[4<Aminomethyl)-l.oxoisoindolin-2-yl]piperidine-2,6-dione Hydrochloride 
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A mixture of 2-(2,6-dioxo(3-piperidyl))-l-oxoisoindobne-4-carbonitrile (1.0 g, 3.71 mmol) 
and 10% Pd/C (0.2 g) in 4N HCl (20 mL) and methanol (600 mL) was hydiogenated at 50 
psi for 17 hours. The mixture was filtered through ceUte and the filtrate was concentrated. 
The residue was stiired with ether (30 mL) to give 3-[4-(aminomethyI>l.oxoisoindolin-2- 
yl]piperidine-2,6-dione hydrochloride (1.1 g, 99%) as a white soUd: 'HNMR (DMSO-dj) 5 
1 1.06 (s, IH). 8.64 (s, 3H), 7.79 (d, J=7.5 Hz. IH). 7.74 (d, J=7.4 Hz. IH), 7.59 (t. J-*7.5 
Hz, IH). 5.21-5.14 (dd. J=5.0 and 13.2 Hz. IH), 4.69 (d, J=17.4 Hz. IH), 4.51 (d, J=17.4 
Hz. IH), 4.09 (d, J=4.9 Hz, 2H), 3.00-2.87 (m, IH), 2.66-2.35 (m, 2H). 2.03-1.98 (m. IH); 
"C NMR (DMSO-ds) 5 172.87. 170.92, 167.77. 141.58, 132.50. 131.88. 129.39. 128.48, 
123.25,51.52.46.19.38.39.31.17,22.69. 

N-(r2-(2,6-Dioxof3-pipenMvnVl-oyoi.<!ninH n Un-4-vnmethvUcvclopronvlr.aThov5.Tr,,H 
M40 



15 

o 



l,8.Diazabicyclo[5,4.0]undec-7-eae (0.7 g, 4.62 mmol) was added to a stirred suspension of 
3-[4-(aminomethyi).l-oxoisoindolin-2-yl]piperidin&-2,6-dione hydrochloride (0.65 g, 2.10 
mmol) in acetonitrile (50 mL). After stirring for 30 min. cyclopropanecaibonyl chloride 
(0.24 g, 2.31 mmol) was added. The mixture was stiired at room temperature for 17 hours. 
The mixture was filtered and the soKd was recrystallized fiom meflianol (100 mL) to afford 

N-{[2-(2,6^iioxo(3-piperidyl)).l-oxoisoindolin-4-yl]methyI}cyclopropyIcaiboxaim (0.36 
g, 50%) as a white soUd: mp 262-264»C; 'H NMR (DMSO-d^) 5 1 1.02 (s, IH). 8.63 (t, 
J=5.7 Hz, IH). 7.65-7.47 (m, 3H). 5.18-5.11 (d4 J=5.0 and 13.2 Hz, IH), 4.46 (d. J=17.3 
Hz, IH). 4.38-4.31 (m, 3H), 3.00-2.85 (m. IH). 2.65-2.30 (m, 2H), 2.04-1.99 (m. IH), 1.64- 
1.54 (m, IH), 0.69-0.65 (m, 4H); »C NMR (DMSO-d«) 6 172.82, 172.69, 170.96, 168.03, 
140.08, 134.76, 131.66, 130.70. 128.30, 121.64, 51.54, 46.15, 31.16, 22.59, 13.47, 6.27; ' 
Anal. Calcd. For C„H,^304: C, 6333; H. 5.61; N, 12.31. Found: C, 62.97; H, 5.55- N ' 
12.33. ' . . 
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N-^{r2-f2,6-PimfVpi^^ 



l,8-Diazabicyclo[5.4.0]undec-7-eae (0.44 g, 2.91 mmol) was added to a stii^d suspension 
°f3.[4Kaimnomethyl)-l-oxoisomdolm-2-yl]piperidme-2,6-d^^^^ 1 94 

nmol) m acetonitrile (50 mL). After stirring for 30 min, ethyl isocyanate (0 21 g 2 91 
mmoDwasadded. TTie mixture was stirred at room temperature for 17 horn. Sdventwas 
removed and the residue was stined with methylene chloride (70 mL) to give N- {[2-(2 6- 
dioxo(3.piperidyl)).l^xoisoindolin-4-yl]melhyl}(ethylamino)caib^^ (0 28 g 42%) as 
a white soKd: mp 341-343'X:; 'H NMR (DMSOkI^ 6 1 1.02 (s. IH). 7.62-7.47 (m. 3H), 6 40 
(t. J=5.9 Hz. IH). 5.95 (t. J=5.6 Hz. IH). 5.18-5.10 (dd. J=5.3 and 13.3 Hz, IH). 4.52-4 30 
(dd. J=17.3 and 37.7 Hz, 2H). 4.28 (d, J=5.9 Hz. 2H). 3.04 (q. J=7.2 Hz, 2H), 3.01-2.86 (m 
IH), 2.65-2.34 (m. 2H0. 2.04-1.99 (m. IH). 0.98 (t. J=7.2 Ha, 3H); NMR (DMSO-d^ 6 
172.82, 170.97. 168.10. 157.86, 139.78. 136.24. 131.55. 130.25. 128.16. 121 32 51 51 
46.13. 34.14. 31.16. 22.59. 15.67; AnaL Calcd for C,,U^,0,: C. 59.29; H. 5.85; N. 16.27. 
" Found: C. 58.98; H, 5.85; N. 16.89. 

The present invention is not to be limited in scope by the specific embodiments 
disclosed in the examples that are intended as iUustiations of a few aspects of the invention 

^d^yen^bodiments that are fimctionaUy equivalent are within the scope of this 
Indeed, various modifications of the invention in addition to those shown and described 

herem will become apparent to those skilled in the art and are intended to M within the 
upended claims. 
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What is claimed is: 



1. 



A compound of the fomiula: 



5 



10 




H 



or a phannaceutically acceptable salt, hydrate, solvate, clathrate. eoantiomer, diastereomer. 
racemate, or mixture of stereoisomers thereof, wherein- 

15 

one of X and Y is OO and die oflier is CHj or OO; 

R» is H, (C,-C,)alkyl. (Cr<:7)cycloalkyl. (CV<:g)alkenyl. (C^-Oalkynyl, benzyl, aryl, 
(Co-C^alkyHCj-C^eteiocyoloalkyl, (QrC4)alkyl-<C2-C5)heteroaryl, C(0)R\ C(S)R\ 
C(0)OR^ (C,-Cg)alkyi-N(R%(C,-C,)alkyl-OR^(C,-Cyalkyi-^ 
C(S)NHR^ C(0)NR^R^ C(S)NR^^"or (C,-C8)alkyl-0(C0)R*; 

R' is H, F. benzyl, (C,-Cg)alkjd, (C2-Cg)alkenyi, or ((VCg)alkynyl; 

^5 R3 and R^ are independently (C,-C8)alkyl, (C3-C7)cycloa]kyl, (CrC,)alkenyI. 
(C2-Cj)alkynyl, benzyl, aiyl, (Co-C4)alkyl-<C,-C6)heterocycloalkyl, 
(Co-C4)alkyHC2-Cj)heteroaiyl, (Co-C8)alkyl-N(R% (C,-C8)alkyl-OR*, 
(C,-Cg)alkyl-C(O)0R*, (C,-Cg)alkjd-0(CO)R*, or C(0)OR^; 

0 R'is(C,-Cg)aIlcyl.(C,-<:0alkenyl.(C3-<:,)alkynyl,(C,^^^^ 
(Co-<;4)alkyl-(C,-Cj)heterocycIoalkyl, or (Co-C4)alkyHC,-Cj)heteroaryi; 

R' is (C,-Cg)alkyl, (Q-Q)alkenyl, (CH:8)alkynyl, benzyl, aryl, or (C2-<:5)hetaoaryi; 



35 
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each occurrence of R' is independently H, (C,-Cj)a]kyl, (C2-C8)a]kenyl, (Qj-C^alkynyl, 
benzyl, aryl, (C2-Cj)lieteroaiyl. or (Co-Cj)alkyl-C(0)0-R* or the groups can join to 
fonn a heterocycloalkyi group; 

^ n is 0 or 1 ; and the * represents a chiral-carbon center; with the proviso that when n is 0 
then R' is not H. 

2. The compound of claim 1 , wherein the compound is the R-enantiomer or 
substantially R. 

10 

3. The compound of claim 1 , wherein the compound is the S-enantiomer or 
substantially S. 

4. The conq>ound of claim 1, wherein the compound is a racemic mixture. 

15 

5. The compound of claim 1 , wherein the enantiomeric excess is about 90% ee 
or more. 



6. A compound of claim 1, wherein R* is H or (Ci-C4)alkyL 

20 

7. A compound of claim 1 , wherein R' is H, (C,-C4)alkyl, CE^OCHj, 
CHjCHjOCHj, or 



25 r' 



wherein Q is. O or S, and each occurrence of R^ is independently H,(C,-C8)allQl, 
(C3-C7)cycloalkyl, (Cj-Cyalkenyl, (C2-C8)alkynyl, benzyl, aiyl, halogen, 
30 (Co-C4)alkyHC,-C«)heterocycloalkyl, (Co-C4)alkyHC2-C5)heteroaiyl, 

(Co-C8)alkyi-N(R% (C,-C8)alkyI-OR^ (C,-€8)alkyl-C(0)0R^ (C,-Cg)alkyl-0(CO)R^ or 
C(0)OR', or adjacent occurrences of R' can be taken together to form a bicycUc aftyl or aryl 
ring. 

8. A conq)ound of claim 1, wherein R' is C(0)R^. 
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9. A compound of claim 1, wherein R' is C(0)OR\ 



1 0. The compound of claim 1 having the foimula: 



10 




H 

or a pharmaceutically acceptable salt, hydrate, solvate, clatoate, enantiomer, diastereomer, 
racemate, or mixture of stereoisomers thereof, wherein: 

R' is H, (C,-Cg)alkyl, (C3-C7)cycloalkyl, (C2-Cj)alkenyl, (C^-COalkynyl, benzyl, aiyl, 
(CorC4)alkyHC,-C6)heterocycloalk3d, (Cfl-C4)alkyl-(C,-C5)heteioaiyl, C(0)K\ C(S)R^ 
C(OX)R*, (C,-Cg)a]kyl-N(R«)j, (C,-C8)alkyl-OR*, (C,-Cg)alkyi-C(0)OR*, C(0)NHR', 
C(S)]SIHR'. C(0)NR»R^ C(S)NR'R»'or(C,-C8)alkyl-0(CO)R*; 

RMsHor(C,-Cg)alkyl; 

and R^'are independently (Ci-CJallcyd, (C3-C7)cycloalkyl, (CVCg)alkenyi, 
{C2-Cj)alkynyl, benzyl, aiyl. (Co-C4)alkyl-(C,-Cs)heterocycloalkyl, 
(Co-C4)alkyl-(Cj-C5)heteroaryl, (Co-C,)alkyl-N(R% (C,-Cg)alkyl-OR', 
(C,-CJ)alkyl-C(0)OR^ (C,-Cg)a]kyW)(CO)R*, orC(0)OR*; 

R* is (C,-C8)alkyl, (Cj-C8)alkenyl, (C2-C8)alkynyl, (C,-C4)alkyi-0R', benzyl, aiyl, 
(Co-C4)alkyl-(C,-Cj)heteK)cycloalkyl, or (Co-C4)alkyHC2-Cs)heteroaryl; 

R* is (C,-C8)alkyl. (C2-C8)alkenyl. (C2-C8)alkynyl, benzjd, aiyl, or (C2-C5)heteroaiyl; 
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«chocou™ceofR'fci„^«,ayH.(c,-c>Il^ 

foimalMtoiXijcloallqdgronpiiind I»«nijomto 
5 "lie'rqireseiilsacliiral-caiboacenta-. 

Q is O «S. «rf «ch ocam«ce of R' is bd^ently H (C,-C telkvl 

15 <C.-C'WKC,-<;jh«e™=,ck.diyUC^J.lk^CH:jl«=ro^^ 
^OaJM^Ot-). (C.-<^^R. (C^y^O)OR^^ 



20 



25 



12. A compound of claim 10, whereinR' is C(0)R». 

13. A compound of claim 10. wherein R' is C(0)ORl 

14. The compound of claim 1 having the fonnula: 



30 




J2\ / 



oral 



racemate. or mixture of stereoisomers thereof wherein- 
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R' is H, (C,-C^l, (C3-<:,)oycloalkyI. (C-C,)alkenyl, (Q-CJalkynyl, benzyl, aryl. 
(Co-C4)alkyKC,-C JhetetocycloaIk3«, (Ctf-C4)alkyl-(C2-C3)heteroaryl, C(0)K\ C(S)R^ 
C(0PR*, (C,-Cg)alkyl-N(R% (C,-<:8)alkyMDR^ (C,-C,)alkyl-C(0)OR^ C(0)NHR^' 
C(S)NHR\ C(0)NR3R3; C(S)NR^'or (C,-C8)alkyl-0(C0)R^; 

5 

RMsHor(C,-C8)alkyl; 

R' and R'' are independently (CrCOaOsyU (C,-C,)cycloalk3d, (Cj-C8)alkcnyl, 
(C,-C,)alkynyl. benzyl. axyU (Ctf-COalkyHC-C^heterooycloalkyl, 
10 (Co-C4)alkyi-(Ci-Cj)heteroaryl, (Co-C8)alkyl-N(R«)i, (C,-C,)alkyl-OR'. 
(C,-Cg)alkyl-C(0)OR^ (C,-Cg)alky^O(C0)R^ or C(0)OR*; 

R* is (C,-C,)allcyl, (C,-<:3)aIkenyl. (Cj-<:3)alkynyl, (C,-CJalky^OR^ benzyl aiyi. 
(Co-C4)alkyl-{C,-C«)heterocycloalkyl. or (Co-C4)alkyHCr<:5)heteroaiyl; 

15 

R' is (C.-C8)alkyl, (C2-<:g)alkenyl. (C,-Cg)alkynyl. benzyl, aryl, or (C^-Cs)heteroaiyl; 

each occurrence of R« is independently H, (C.-C3)alkyl. (C,-COalkenyI. (Q-Cyalkynyl. 
benzyl, aryl. (C,-C5)lieteroaryl, or (Co-<:^alkyl-C(0)(>-R^ or the R* groups can join to 
20 fonn a heterocycloalkyi group; and 

the * represents a cbiral-carbon center. 

15. A compound of claim 14, wherein R' is H, (C,-C4)alkyl, CH,OCH, 
25 CHjCHjOCHj, or . 




30 wherein Q is O or S, and each occwrence of R' is indq)endently H.(C,-Cg)alkyl, 

(C3-C7)cycloaIkyi, (C,-C,)alkenyl, (Cj-C8)alkyn>1, benzyl, ai3d, halogen, 
(Co-C4)alkyl-<C,-C6)heterocycloalkyl, (Co-C4)alkyHCr<:5)hetaoaiyl. 
(Co-C8)^N(R% (C,-Oalkyi-0R*, (C,-C,)aIkyl-C(0)OR', (C,-C0aIkyl-O(CO)R', 
C(0)OR^ or adjacent occurrences of R'can be taken together to form a bicycHc alkyl or fflyl 

35 ring. 



or 
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16. A compound of claim 14, wherein R' is C(0)R^ 

17. A compound of claim 14, wherein R> is C(0)OR*. 

5 1 8. A compound of claim 1 having the fomiula: 

O 



10 



N 
H 



or aphannaceuticaUy accq,tablesalt. hydrate, solvate, clathrate. enantiomer. diastereom^ 
15 racemate, or mixture ofstereoisomers thereof, wherein: 

fr "1^: t'Jf^' ^"^'-^^^^^^^"^^ (C,-C,)alkenyl, (CVC^alkynyl. benzyl, axyl. 
(Co-C,)alkyl-(C.-€^heterocycloaIkyl. (C„-C,)aIkyKC,-C,)heteroaryl. C(0)R' aS)R^ 
C(0)OR^(C.-Cm(R«),.(C.-<:>^^^ 
20 C(S)NHR^C(0)NR^R3•.C(S)m3R3•or(C.-<:.)alk^^^ ^O^.C(0)NHR. 

R^isHor(C,-Cg)aikyl; 

R^ andR^-areindependently (C,-C«)a]kyl, (C3-C,)cycIoaJkyl. (C^3)alkenyl 
25 (Cr<yalkynyl, benzyl. aiyl.(Co-<:,)alkyl-(C,-C<^heter^ 

(Co-C4)alkyHC^5)heterearyl. (Co-C,)alkyl-N(R%, (C,-C,)a^^ 
(C,-^alkyI-€(0)OR^ (C,-<:8)alkyl-0(C0)R^ or QOW; 

R*h(C,-^^alkyI.(C,-C^alken^ 
30 (C.-<:4)alkyHC,.^Jheterocycloalkyl.or(C^jaIkyi-<C^^^^ 

is (C.-C^alkyl. (CVCyalkenyi, (C,-A)alkynyl, benzyl, aryl, or (C,-C^heteroaryl; 

each™ceofR«isind^tIya(CKyalkyl,((^ 
35 ^-3^^.-yUC.-€,)heteroa,yUor(C^^^^ 
torm a hetero(^loalkyl group; and 
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the * represents a chiral-carbon center. 

5 

15 ring. can be taken together to fonn a bicyclic alkyi or aiyi 

20. A compound of claim 18. wherein R' is C(0)Rl 

21. A compomid of claim 18. wherein R> is C(0)ORl 

20 

22. A«)mpoundofclaimll»iDgaefoni.ula: 



25 




-201- 



wo 02/059106 

PCT/USOl/50401 



m 



R andR^ «^»dependentty(Q-C3)alkyl.(C3-<:,)cycloalky^^ 
(C,-C,)alkynyl. benzjd, aryl. (C„-C.)alkyHC,-C,)heterocycloalkyl, 
(Ci,-CJaIkyHC,-Cs)heteroaryl, (Co-Cg)aIkyl-N(R%, (C,-Cg)alkyl-OR^ 
5 (C,-<yalky^C(0)OR^(C,-C,)alkyl-0(CO)R^orC(0)OR^ 

R^is (C,-C.)alkyl, (CH:.)alkenyl. (Q-C^alkynyl. (C,-^,)a]kyl-OR^ benzyl, aryl 
(CVC4)alkyKC,-C4)hfiterocycloaIIcyI. or (Co-C4)aIkyKC2-C5)heteroaryl; 

10 R' is (C,-Cjalkyl. (C,-CJaIkenyl. ((VC,)alkynyl. benzyl, aiyl. or (C,-C^heteroaiyl; 

eaph QCcun-eac«,of R*isi«iepend«itl5.H,(C.-^^ (Q-C^alkenyl. (C-C,)alkynyl 
benzyl, aiyl. «VC^heteroaryl, or (Co-C,)alkyi-<:(0)0-R» or the R* g„,ups can join to ' 
form a heterocycloalksd group; and 

15 

the * represents a chiral-carbon coiter. 



^ '^'^'^^ "^''^ ^' "^^^ ^' ^ (C,-C^^ beOZyl. CH3OCH3. 

CH2CH2OCH3, or 



23 

CH^a 

20 



R 



25 wherem Q is O or S. and each occurrence of R' is independently H,(C.-C^1 

(C3-C,)cycloaIkyl. (C^-CJalkenyl. (C^-^yalkjoiyl. benzyl, aryl. halogen. 
(Co-C4)alkyHC,-C^eterDcyoloaIkyl. (Q-C JalkyHC2-C5)heteroaryl 

C(0)OR . or adjacent occurrences of R'can be taken together to form a bicyclic alkyl or aryl 

24. A confound of clafan 22, whaein R' is C(0)R^ 

.n^.^L. ^'^'^P°""^°^'^^24.whereinR^is(C^jalkyHQ-<;^hetero^^ 
35 (C,-C8)alkyl,aiyl,or(Ctf-C4)alkyI-OR* 
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26. 



A compound of claim 25, wherein hetCToaiyl is pyridyl, fiuyl, or fliienyl. 



27. 



A conq)ound of claim 22, wherein R' is CCOpR". 



5 



28. 



A conqiound of claim 1 having the fonhula: 



O 



O. 



10 



R 




O 



or a phaimaceutically acceptable salt, hydrate, solvate, clalhrate, enantiomer, diastereomer, 
15 racanate, or mixture of stereoisomers thereof \<*erdn: 

R' is H. (C,-Cg)alkyl, (C3-C7)cycloa]kyl, (C2-C8)alkenyl, (Cj-C^alkynyl, benzyl, aiyi. 
(Co-C4)alkyl-(C,-C6)heterocycloalkyl, (Co-<:4)alkyl-(Cj-Cs)heteroaiyl. C(0)R^ C(S>R^ 
C(0)OR^ (C,-Cg)alkyI-N(R%, (C,-C8)aIkyl-0R^ (C,-Cg)alkyl-<:(0)OR*, C(0)NHR», 
20 C(S)M^l^C(0)NR^R^C(S)^IR3R^*o^(C,-C,)alkyMD(CO)R^ 

R' and R^are independently (C,-C,)alkyl, (C3-C7)cycloalkyl, (C2-C8)alkenyl, 
(C2-<;8)alkynyl, benzyl, aiyl, (Co-C4)alkyI--(C,-C«)heterocycloalkyl, 
(Co-C4)alkyI-<C2-C3)heteroaiyl, (Co-C8)alkyl-N(R%, (C,-C8)alIcyl-0R^ 
25 (C,-<;8)alkyl-C(O)0R^(C,-C8)alkyl-O(C0)R^orC(O)OR^ 

R* is (C,-C,)alkyl, (<VC8)alkenyl, (Cj-Cyalkynyl, (C,-C4)alkyl-0R^ benzyl, aryl. 
(CorC4)alkyl-<C,-Cj)heterocycloaIkyl, or (Ctf-C4)alkyHCj-Cj)heteioaryl; 

30 is (C,-Cg)alk3d. (C,-Cg)alkenyi, (C^-Cyalkynyl. benzyl, aryl. or (Q-C5)heteroaryl; 

each occunence of R« is independently H. (Ci-Cg)alkyl, (Q-CJalkenyl, (Q-Cg)alkynyi. 
benzyl, aiyl. (Cj-Cj)heteroai3i or (CVCg)aIkyl-C(0)0^^ or the R« groups can join to 




35 
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CH2CH2OCH3, or 



A compound of claim 28. wherein R' is (C.-C,)alkyl. ben^l. CH^OCH, 



^ 7 Q « 0 or S. and each occurrence of is independently H,(C.-C.)a]kvL 
10 C^^)«B^KC.-C^heteroc5^loalkyl.(Co-€,)^^^^ 

20)OR.orad,acentoccu..nc«ofR^canbetaIcent^^^^^ 



15 30. A compound ofclaim 28, wherein R' is C(0)R^ 

(C,-Cg)alkyl,aiyl.or(Ctf-CJalkvl-OR* ^ 



•(Ctf-C<)alkyl-OR- 

20 32, 



25 



A compound of claim 3 1. >vherein heteioaryl is pyridjd, fUryl, or thienyL 

33. A compound of claim 28. wherein R' is C(0)OR*. 

34. A compound of claim 1 having Jhe formula: 



30 




oral 



35 
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R' is H. (CrC,)alkyl, (C3-C7)cycloal]cyl. (<VCs)aIkenyI, (Cj-C,)allcynyl, benzyl, aryl. 
(Co-C4)alkyKC,-<yheterocycloaUcyl, ((VC,)alkyl-((VCj)heteroaiyl, C(0)K\ C(S)R^ 
C(0)OR^ (C,-Q)alkyJ-N(R% (C,-C,)alkyI-OR', (C,-€^aIkyI-^(0)OR', C(0)NHR'' 
C(S)NHR^ C(0)NR^n C(S)NR3Ryor (C,-€Jall{yM)(CO)R*; 

5 

andR''areiiidependently(C,-C^alkyl, (C3-C,)<?ycloaDgd, (Q-Oalkenyl, 
(C2-C,)alkj^yl, benzyl, aryi, (Co-C4)alkyKC,-C^heterDcycloalkyl. 
(Co-C4)alkyKC2-Cs)heteroaiyl, (Q,-Cj)alkyI-N(R% (C,-C8)alkyl-OR*, 
(C,-C»)aIkyl-C(0)OR*. (C,-C8)alkyl-O(C0)R*, orC(0)OR*; 

10 

r is (C,-C,)alkyl, (Cj-C^alkenyl. (Cr<^g)alkyayl. (Cr<:^alkyMXEl^ benzyl, aryl, 
(Co-CJalkyHC,-C4)heterocycloalkyl. or (CrC4)alkyl-(Cj-Cs)heteK)aryi; 

R* is (C,-C,)alkyl. (C^-COalkenyi. (CVQalkynyl, benzyl, aiyl, or «VC,)heteroaiyU 

15 

each occurrence of R« is independentty H, (C.-C^a]lcyl, (C3-C3)alkenyl, (C-COalkynyl, 
benzyl, aryl. (C,~C5)heteroaryl. or (Co-Cg)alkyl-C(0)a-R' or the R« groups can join to 
fonn a heterocycloalkyl group; and 

20 the* represents a chiral-carbon center. 

35. Acompomidofclaim34,whereinR'is(C,-C8)alkyl.ben2yl.CH,OCH,. 
CH2CHjOCH3,or ^23. 



25 




whetein Q is O or S, and each occmrence of is independently H,(C,-C,)alkyl, 
(Cj-Ocycloalkyi. (c^^aSk^yU (Q-Oalkynyl, benzyl, aiyl. halogen, 
30 (Co-C4)alkyHC,-C^hetetocycloaIkyl,(qr^JalkyK 

(Co-C8)^l-N(R% (C,-C,)alkyJ-OR», (C,-Q)alkyl-C(0)ORn (C,.<;,)alky^O(CO)R^ or 
C(0)OR^ or adjacent occuix«nces of R' can be taken together to fom a bicycfic alkyl or ^ 
ring. 

35 36. A compound of claim 34, whaein R' is C(0)R'. 
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(C,-Cg)aHcyl, aryl, or (Co-C^)alkyl_OR*, 

^ 38. Acompoundofclaim37.wheremheteroarylispyridyl.fi„yl,„ 

39. A compound of claim 34, wherein R' is C(0)OR*. 

40. Acompoundof claim 1 having the fonnula: 

I-l (2-(2.(Wioxo.piperidk-3.yl)-1.3^ioxo-2.3-dm^^ 

10 -caAamic acid /ert-butyl ester, 

1-2. ^anrinomeflijd>2.(2.e^oxo(3-piperidyI)H^^^^^ 

1-3 ^<2-(2,6^oxo-piperidin-3-yI)4,3^oxo-23^^ 

15 yl>acetaini<ie; jrmi^vu 



20 



25 



1-5 (2-(2.6-dioxo-piperidin-3-yl)-l,3^oxo-2,3.dm^ 
-carbamic acid ethyl ester, 

1-6 2<2.6-dioxo-piperidin-3.yl^l,3.dioxo-23-dihydn,.l^.^^^^ 
carbamic acid benzyl ester; 

1-7 2^oro-iV-{(2-(2.6-dioxo(3-piperidyi)>1.3^oxoisoindo^^ 
yl)methyl}acetamide; 

30 yi)meaiyl}-acetamide; 

oI-4-yhn^y^-urea; 



35 



I-IO ^-{(2-(2.6^oxo(3-piperidyi)).l,3.dioxoisoindoIin-4.yl)melhyl}- 
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I-U ^-(2-(2.6Klioxo(3-piperidyl)).l,3^oxoi8omdoIm^^^^^ 
pyridylcaiboxamide; 

1-12 3-{l-oxo-4-(benzylammo)isoindolm-2.yl}piperi(iin^^ 

1-13 2-(2.6-cUoxo(3-piperidyl))^(ben2ylamiiK,)isoim^^^ 

r-14 ^-{(2-(2,6-dioxo(3.piperidyi))-l,3-dioxoisoindolin-4- 
)d)methyl}propananiide; 

1-15 ^-{(2-(2.6-dioxo(3.piperidyI)).l,3.dioxoisoindolm-4-yl)me%l}^ 
pyridjdcafboxamide; 

1-16 ^-{(2-(2,6-dioxo(3-piperidyl)).l,3^ioxoi8oindolin-4. 
yl)methyl}heptaiiamide; 

1-17 ^-{(2-(2,6-dioxo(3-piperidyl))-1.3KUoxoisomdolin-4-yl)methyl}.2- 
furylcaiboxamide; 

1-18 2-a2ido-N-(2-(2.6^ioxo.piperidm.3-ylH.3.diox^^^^ 
4-yI-methyi>acrtaimde; 

1-19 2-amino-M{(2.(2,6-dioxo(3-piperidyl)>1.3.dioxoisoi^^^ 
yl)inethyl} acetamide; 

1-20 ^yl6KAr-{(2-(2,6-dioxo(3-piperidyl)H.3HUoxoisouKtolm-^ 
3^)methyl>carbamoyl)hexanoate; 

1-21 M(te''^butoxy)caibonylanuno).iW{(2-(2.6^oxo(3^i^^^^ 
dioxoisomdolm-4-yl)methyl}propanamide; 

1-22 3-a«ino.A^{(2K2.6slioxo(3-piperidyl))-1.3Hiioxoisom^^ 
yl)inethyi}propananiide; 

1-23 ^■{(2-(2.6Kiioxo(3-piperidyl))-1.3^oxoisomdolin-4-yI)m^^^^ 
thi^ylcaiboxamide; 
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1-24 ^^{(2-(2,6-dioxo(3-piperidyl)>UHlioxoisoindoIin-4-yl)methyl}.2. ' 
meflioxyacetamide; 

1-25 (A^-{(2-(2,6-dioxo(3-piperidyl))-1.3-dioxoisomdoIm-4- 
yl)mefliyI}carbamoyI)methyI acetate; 

1-26 ethyl 2-((N-{(2K2.Wioxo(3-piperidyl)>l>dioxoisoindolin-4. 
yI)methyl}carbamoyl) amino)ac5etate; 

1-27 ^'-{(2-<2,6-dioxo(3.piperidyl)).l,3Kiioxoisoindolin-4- 
yl)inethyI}(ethyIanimo)caiboxaimde; 



1-28 2-(2.6.Dioxo(3-piperidyl))^[(2.fuiylinethyl)ani^^^ 



dione 



1-29 ^K2-(2,6KUoxo(3-piperidyl))-l,3.dioxoi^^^^ 
methoxyacetamide; 

1-30 ^K2-(2.6-dioxo(3.piperidyl)>UKlioxoisoiiHioK^^^^ , 

1-31 W2-(2,6.dioxo(3-piperidyl))-1.3HUoxoisoindolin-4-yI)^ 
acGtate; 

1-32 ^■<2-(2.6-dioxo(3-piperidyl)>13.dioxois<rfi«tel^^^ 

1-33 i^K2-(2.6-dioxo(3-piperidyl))-l,3.dioxoisouMiolin-4-yl>2- 
thienylcarboxamide; 

1-34 methyl {AK2-(2.6-dioxo(3-piperidyl))-l,3-dioxoisoH^^ 
yl)caibamoyl}fonnate; 

1-35 ^-(2<2.6-dioxo(3.piperidyl)>1.3.dioxoisoi^^^^ 

r-36 AK2-(2,6-dioxo(3.piperidyl)>I>dioxoisou«ioIin-4-y^^^ 

1-37 ^<2-(2.6KUoxo(3^iperidyl)>1.3^1ioxoi«,indolin^^^^^^^ 
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1-38 ■»^y'3-(Ar-P<2,6^»^3.pp.rid,,)H3-di«««,i„d.lfa^ 
y])carbamoyl}propanoate; 

1-40 A'-<2.(2,6-dioxo(3i,ipaidyl)>y^„;„j.„i^j„^ 

pycidylcarboxamide; 

1-45 ^'^<2<2.6^:,^3^y^yt^,^^^^^^^^^^ 

1-45 2-a..«^K2-(2.6-di.xo(3-piperidyl)M.«xoi»Wolin^^ 

"7 '-('H(2-«-3to«M)aou»H-ox™^a„.2-y,>^^ „ 

1-48 Hl-<>xo-4^pe„Wa.to)i«rtndol^n.2.yOpip«idin..^^^ 

1-50 ^-'-^l»^-N-[2-(2,«-di„x».rt«ridi..3.y0.1J^„.23^ 

Komdoi-4-yl].acetamide; -<™yon> m- 

I-5I 2K2.6-di„Xo.piperidto.3.,lKpe„ej^i^^^^ 
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1-54 ^^'^yimi^Hxi.^,,^^,.^^^^^^^^ 

1-62 ^^.i-'Ooxo-fi^.s.yty^^^^^^^^^ 

<'%an>-IH-isoin<ioI-4-yIJ.ami<|e; ^ 
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1-71 N-[2-(2,6-dioxo-piperidin-3-yl)-l 3-dioxo o :t a;u ^ ,tt . 

1-74 N-«2<2.6-dioxo(3-piperidyl)).l.3.d^^^^^ 
1-75 ^■«^<2.^-<«oxo(3-piperidyI))-U^^^^^^ 

1-76 N-{[2-(2.6-dioxo(3.pip«idyI)).13-dioxoisoindoIin-4-y^^ 
methyl>phenylacetamide; 

1-77 N-{[2-(2.6Hfioxc<3-piperidy])>1.3Hlioxoiso^^^^ , 
PyndylcaAoxamide; yijmeaiyi}.2- 



'eftyl}butanainide; 



1-78 N. 



{[2-(2.6KUoxo(3-piperidyl)>l,3-dioxoisomdolin-4-yil 
meaiyl}undecainide; 
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1-79 N-{[2-(2.6-dioxo(3-piperidyi))-l,3-dioxoisoin(iolm-4-yl]methyl}-2- 
mefliylpropanamide; 

1-80 N-{[2-(2,6-dioxo(3-piperidyl))-l,3.dioxoisoindolin-4-yl3 
mettiyl} cyclopentylcarboxamide; 

1-81 N-{[2-(2,6-dioxo(3-piperidyl))-l,3-dioxoisomdolin-4-yl] 
mefliyl}cyclohexylcaiboxamide; 

1-82 N-{[2-(2,6.dioxo(3.piperidyI))-U-dioxoisoindolin-4-yl] 
methyl}(phenylamino)carboxamide; 

1-83 N-{[2-(2,6-dioxo(3-piperid3d)>l,3-dioxoisoindolin-4-yl] 
methyl}(butyIaiiiino)caiboxamide; 

1-84 N-{[2-(2,6-dioxo(3-piperidyl)).l,3.dioxoisoindoIin-4-yl] 
methyl}(propylamino)carboxainide; 

1-85 N-{[2-(2.6-dioxo(3-piperidyI))-l,3-dioxoisoindolm-4-yl] 
methyl} (cyclohexylaiiiino)caiboxaniide ; 

1-86 N-{[2-(2,6-dioxo(3-piperidyl))-1.3-dioxoisomdolm-4-yi] 
methyl} [(metfayIe%]amino)]caiboxamide; 

1-87 N-{[2-(2,6-dioxo(3-piperidyI))-U-dioxoisoindolin-4-ylJ 
methyl}(octylamino)carboxainide; 

1-88 N-{[2-(2.6-dioxo(3-piperidyl)).l,3-dioxoisoindolin-4-yl] 
methyl}(benzylamino)cari)oxamide; 

1-89 N.{[2-(2.6-dioxo(3-piperidyI))-1.3-dioxoisoindolm-4-yl] 
m^yI}(cyclopiDpylamino)caiboxamide; 

1-90 2-chloro.N-[2-(2.6^oxo.piperidin-3.yl)-l,3-dioxo-2.3-dihydro- 
lH-isomdol-4-yl]-beiizamide; 
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1-91 [2-(2.6-dioxo-piperidm-3-yl)-1.3Kiioxo.23-dihydn).lH-te^^^ 
4-yI]-carbanuc acid benzyl ester; 

1-92 N-[2-(2.6KUoxo-piperidm.3-yl)4,3-dioxo-2.3-dihy^^ 
4-yI]-acetaniide; 

1-93 Peatanoic acid [2-(2.6-dioxo-piperidin-3-yl>l^xo-2^^ydro-lH-isoin^^^ 
4-yij-aimde; 

1-94 N.[2<2,6^oxo.piperidin-3-yl)-lH)xo-2.3-dihydn,-lH-isoindoI. 
4-yl]-propioiiamide; 

1-95 N-[2K2.6-dioxo-piperidin-3-yl>l^xo-23-dihydix)-lH.isoindoI. 
4-yri-nicotinamide; 

1-96 2-(2.6-dioxo-piperidin-3-yl)^{[(W2.ylmethyl).anA^^^^ 
isomdole.l,3-dione; 

1-97 N-[2-(2.6-dioxo-piperidin-3-yl>l^xo-2.3Kia 
nude; 

1-98 2-dimethylaimno-N-[2-(2,6-dioxo.pipmdin.3-yl).UKiioxo.2,^^ 
dihydro-lH-isoindol-4-yi]-acetaimde; 

1-99 N42-(2,6-dioxo-piperidin-3-yl)-U-dioxo-23^ydro.lH-isoi^^^ 
4-yl]-2-inethyl-b«izamide; 

4-yiJ-dihydro-lH-isoindol-4-yl].aimde; 

I-lOl N-[2<2,6.dioxo.piperidin.3-yl)-1.3H3ioxo-23-dihydn,-lH-isoindol- 
4-yl>3,3-dime%l-butyramide; 

1-102 N-[2.(2.6^oxo-piperidin.3.yl).U^oxo.2.3-dihydro.lH-isoin^^^^ 
4-yl]-isobuQTOinide; 
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1-103 N-[2-(2,6Hiioxo-piperidin-3-yl>l^KUoxo-2r3-^ydto-lH-isoindol- 
4-yI]-3-phenyl-propionamide; 



1-104 N-[2-(2,6-dioxo-piperidin-3-yl>U-dioxo-2^-dihydro-lH-isouidol- 
5 4-yl]-4-methoxy-benzanude 

1-105 N-[2-(2,6-dioxo-piperidin-3-yl)-l,3-dioxo-2^-dihydro-lH-isoindol- 
4-yl]-2-trifluoromethyI-benzainide; 

10 1-106 N.[2-(2,6-dioxo-piperidm-3-yl).13-dioxo-2,3-dihydro-lH-isomdol- 

4-yl]-maIonamic acid methyl estei; 

1-107 N-[2-(2,6-dioxo-piperidin-3-yl)-l,3-dioxo-2^-dihydro-lH-isomdol- 
4-ji]-3-methoxy-propioiianiide; 

15 

1-108 N-[2-(2,6-dioxo-piperidm-3-yl)-l,3-dioxo-2,3-dihydro-lH-isomdol-4-yl]-2-h 
ydioxy-acetamide 



1-109 4-[(furan-2-ylme%I>ammo]-2-(l-mefliyl-2,6-dioxo-piperidm-3-yiHsoi^^^ 
20 e-l^-dione; . 

I-l 10 N-[2-(2,6-dioxo-piperidm-3-yl)-l,3-dioxo-2,3-dihydro-lH-isoindol- 
4-yIme1hyl]-isoQicotiiiaiiiide; 



25 I-l 11 N-[2-(2,6-dioxo.piperidin-3-yl>.l,3-dioxo-2,3-dihydro-lH-isoindol- 

4-ylmethylJ-acetan)ide; 

1-112 {5-[2-(2,6-dioxo-piperidm-3-yl)-l,3-dioxo-2,3-dhydio-lH-isoindol- 
4-}dcaibainoyl]-pratyl}-carbanuc acid braizyl ester; 

30 

I-l 13 2-(2,6-Dioxo(3-piperidyl))-4-({[(cycIohexylaniino)thioxometfayi]amiiio> 
methyl)isoindole -1,3-dione; 

I-1 14 2-(2,6-Dioxo(3-piperidyl)).4-({[(etfayIamino)thioxometliyl]ainino} 
35 methyl)isoindole-l,3-dione; 
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I-nS 2<2^6-I>-xo(3-piperidyI)^^^ 
methyl)isomdole-1.3-dione; 

I-l 16 N-[2<2.6-dioxo(3-piperidyI)).1.3-dioxoisoinA^^ 
benzylamine; 

lH-isomdoI-4-yl].acetamide; 
dihydn)-lH-isomdol^yi].amide; 
dihydro-lH-isoindol-4-yl].amide; 

lH-isoffldol-4-yl]^wBaim<to; -omjaro 

1-122 N-p.<3-M«hyl-2.6.ii«„^di„.,.y5.,3^ 

■soiiidol-t.,i].propio,„,^ ^ '« 

I-I23 moph«,^2-cartox^c aoid [2-(3-n^2.6Hii„..pip«Mta.3.v,M 3. 
<Uoxo-2J-dih,dn,-lH.i»oiKioM.)d].ann<te; ^^WW" 

I-m ^2.«-Kox-Piperidi.^3.,,)-H(5.^,.«^.^^^ 

isoindole-I,3-dione; •' 

1-125 2K2.6.moxo.pip=ridto.3.y,H^(5.h^^«t^.j^2.,i^ 
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1-127 ^3-CWoioWyIammo).2.(2.6-dioxo-piperidm^^ 

1-128 2-(2.6-Dioxo-piperidin-3-yl).4-[(pyrid^^^ 3. 
dione; 

1-129 H[2-(2.6.Dioxo-piperidin-3-yl)-l.3-dioxo-2^-dihydro-lH-i^^^^^^ 
yIammo]-methyl}.fiiran-2-caiboxylic acid; 

1-130 >K4.5.Dimethyi.W2-ytoethyl>axnino]-2-(2.^^^^^^ 
isomdole-l,3^one; 

1,3-dioiie ; 

1-132 ^^^^''■'^^flm^yi^i^ 
1,3-dione; 

1-133 3-[4-(3-ChIoro-benzylanuno>l.oxo-U-^^^ 
2,6-dione; 

1-134 N-{[2-(2,6-Dioxo(3-piperidyl)>l,3.dioxoisoindolm-4. 
ylJme%l}(cyclopentylaiiuno)caiboxamide; 

1-135 N-{[2-(2.6-Dioxo(3-piperidyI)).1.3-dioxoisoiiuiolm-4-yl]methyl} 
pyridylamino)carboxamide Hydrochloride; 

1-136 N-{[2,(2.6Hiioxo(3-piperidyl))-1.3-dioxoisoiiidolin-4- 
yl]inethyl}piperidylcarboxaniide; 

1-137 Tert-Butyl4KN-{[2-(2.6-dioxo(3-piperidyl)>l,3-d^^^^ 
yl]methyi}(carbamoyl)piperazmecarboxylate; 

1-138 N.{[2-(2.6-Dioxo(3.piperidy0)-U-dioxoisoindolin-4- 
yl]methyl}(diethylamino)caiboxamide; 
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5 



1-139 <>l«P'opyi-l^(PK3-me«^.2.6^„.o(3i.ip™dyOH3-di«.^ 
yl]methyi}cari)oxamide; 

1-140 N-{[2K2,6-Dioxo(3-piperidyI)>l.oxoisomdolin-4- 
yl]methyi}cyclopropylcarboxainide; 

1-141 N-{[2.(2,6-r)ioxo(3.piperidyl)).l-oxoisomdolin-4. 
yl]methyi}(ethylamino)caiboxamide;or 

10 1-142 Kpesrazine-lKarboxylicacid 

--Pl-nruceuticaUyacceptablesalUydrate.solvate,c^^ diastereomer 
15 racemate. or mixture of stereoisomers thereof. <liastereomer. 



41. AphannaceuticalcompositioncomprisingathenipeuticaUyeff^^^ 
ofacompouBdofcIaiml -d a pharmaceuticaUyao^eptable vehicle or cLer 

» 42. Aphannaceuticalcompositioncomprisingather^euticaUyefiFft^^^ 

ofacompoundofclaimlOandaphaxmaceuticaDyacceptablevScleo^ 

43. Aphannaceuticdcompositioncompiisingalher^euticaflyeff^ 
ofacompoundofclaimMandaphannaceuticaUyacce^tablevehicleorL^ 

ofacompoundofcIamilSandaphanaaceuticaUyacceptablevehicle, 



'or earner. 
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48. A phannaceutical composition comprising a therapeuticaUy effective amount 
of a compound of claim 40 and a phannaceuticaUy aw^table vehicle or carrier. 

49. A metbod of modulating the pioduction of TNF-a in a mammal comprising 
5 administering to said mammal an effective amount ofacompomid of claim 1. 

50. Ametiiod of modulating the production of IL-ip in a mammal comprising 
admmistermg to said mammal an effective amount of a compound of claim 1. 

10 51. AmethodofmodulatingthepiDductionofIL.10inamammalcomprising 

administering to said mammal an effective amount of a compound of claim 1 . 

52. A method of modulating the production of T-cells in a mammal comprising 
admimstering to said mammal an effective amount of a compound of claim 1 

15 

53. A method of treating cancer in a mammal, comprising admimstering to a 
mammal in need thereof a therapeuticaUy effective amount of a compound of claim 1 10 
14, 18. 22. 28, 34. or 40. ami i. lu. 

20 54. Themethodofclaim53,whereintiiecancerisasolidtamororabloodbom 

tumor. 

55. The method of claim 53. wherein the cancer is cancer of the skin, blood, 
lymph node, breast cervix, uterus, gastrointestinal tract, lung, ovary, prostate, mouth, brain 

25 head. neck, throat, colon, rectum, testes, kidney, pancr^. bone, spleen, hver. bladder, 
larynx, or nasal passages. 

56. The method of claim 53, wherem the cancer is melanoma, multiple 
myeloma, or a leukemia. 



30 



5 7. A method of treating cancer in a mammal, comprising administering to a 

mammal in need Ihereofaflier^euticany effective amount ofacompomid of claim 1 and 
anotiier chemother^utic a^t 



35 
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58. The method of claim 57, wherein the other cancer chemotherapeutic agent is 
paclitaxel, cisplatin, tamoxifen, docetaxel, epirubicin, doxorubicin, iiinotecan, leupioUde, 
bicalutamide, goserelin implant, gerndtabine, or sargramostim. 

5 59. The method of claim 57, wherein the other cancer chemotherapeutic agent is 

an antj-canco' vaccine. 

60. A method oftreating an inflammatory disorder in a mammal, comprising 

administering to amammal in need thereof a thei^euticaUy effective amount of a 
10 tcompound of claim 1 . 

61. the melhod erf claim 60, wherein the inflammatory disorder is arfliritis, 

Aemnatoid spondyhtis, psoriasis, inflammatory bowel disease, post ischemic pe^^ 
injury, or dironic inflammatory puhnonary disease. 

15 

62. The method of claim 61, wherein the arthritis is rheumatoid arthritis or 
osteoarthritis. 

63. A method oftreating heart disease in a mammal comprising administering to 
20 a mammal in need thereof a therapeuticaUy effective amount of a conq)ound of chiim 1. 



64. A method ofmodulating the production of TNF-a in a mammahan cell 
tissue comprising contacting an effective amount of a compound of claim 1. 



or 



25 65. A method of modulating the production.of I[>ip in a mammahan ceU or 

tissue comprising contactmg an effective amount of a compound of claim 1. 

66. A method of modulating the production of IL-l 0 in a mammahan cell or 
tissue comprismg contactmg an effective amount of a compound of claim 1. 

30 

67. A method of modulating the production of T-ceUs in a mammalian ceU or 
tissue comprising contacting an effective amount of a compound of claim 1. 



35 
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